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The Publiſher to the Ingenious Reader. 


N this curious and inquiſitive age, when men, altogether diſſatisfied and wearied 

I out with the wranglings and idle ſpeculations of the ſchools, are with equal zeal and 
induſtry ſo earneſt in their queſt and purſuit of a more ſolid, rational, and uſeful 
philoſophy, it may prove a work very obliging and meritorious to help and guide them 
in their ſtudies and reſearches, and to hang out a light to them (as the Egyptians uſed 
to do from their highly celebrated Pharos, for direction to the mariners that ſailed in 
thoſe dangerous ſeas near Alexandria) whereby they may with better ſuccels ſteer their 
courſe through the vaſt ocean of learning, and make more full and perfect diſcoveries 
of hitherto unknown philoſophical verities: which has been the chief deſign of this 
gentleman of honour, the molt excellent and incomparable author, in this treatiſe now 
preſented to your view, wherein principles are not (as was the mode and guiſe of for- 
mer times) obtruded on the world upon the account of a great name, or involved in 
cloudy and myſtical notions, which put the underſtanding upon the wreck, and yet 
when with all this labour and toil of the brain they are at laſt known, prove 1mper- 
tinent and uſeleſs to the making out with ſatis faction, or ſo much as tolerab!y, the 
ordinary phenomena which nature every day preſents the world with; but ſuch as 
are built upon the firm and immoveable foundation of reaſon, ſenſe, and experience, 
plain and obvious, as well to the eye, as to the underſtanding, and no leſs accurate and 
certain in their application. And though the moſt noble author hath herein, tor the 
main, eſpouſed the atomical philoſophy {corrected and purged from the wild fancies 
and extravagancies of the firſt inventors of it, as to the origin of the univerſe, and ſtill 
imbraced with ſo much kindneſs and tenderneſs by ſome pretenders, againſt which 
he hath ſo learnedly diſputed in his firſt part Of the Uſfuln'/s of Experimental Phila- 
Vor. III. A | Jophy) 
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ſophy) in explicating the appearances; yet, conſidering the ſeveral alterations and 

additions (the happy product of his penetrating judgment) made therein, I may not 

ſcruple to call it a new hypotheſis, peculiar to the author, made out by daily obſer- 

vations, familiar proofs and experiments, and by exact and eaſily practicable chymical 

proceſſes ; whereby one of the moſt abſtruſe parts of natural philoſophy, the origin of 

forms and qualities, which ſo much vexed and puzzled the antients, and which, I would 

ſpeak with the leave of the Carigſians, their ingenious maſter durſt ſcarce venture upon, 

| or at leaſt was unwilling to handle at large, is now _ cleared and become maniteſt : 

ſo that from this very eſſay we may well take hope, and joyfully expect to ſee the noble 

project of the famous Verulam (hitherto reckoned among the De/iderata) receive its 

full and perfect accompliſhment ; I mean a real, uſeful, and experimental phyſiology, 

eſtabliſhed and bottomed upon eaſy, true, and generally received principles. But I 

ſhall not foreſtal thy judgment either about the excellency of the author, or his ſubject, 

who hath ſo freely communicated to the world thoſe treaſures of learning, wherewith 

his mind is inriched, but ſhall ſoon refer you to the work itſelf, after I have given you 
theſe few advertiſements. 

Tur following diſcourſe (as is eaſily perceivable by divers paſſages thereof) being 
written ſeveral years ſince whole and intire, as now it is, I know not whether it will 
be worth while to intimate, that the author caſually turning over of late a very recent 
chymical writer found in one of his treatiſes (divers of which he never to this 
day read over) a part of the fifth experiment of the ſecond ſection; but, as he 
profeſſes (and ſure is like to be believed) he did not dream that that chymiſt, 
or any other author whatſoever, had lighted on that part of the experiment, till 
a good while after he had made and examined that, among many others, concerning 
ſalts, as may be eaſily gueſſed by the peculiar uſes and applications he made of it. And 
though he had met with ſo unlikely an experiment in a writer, who, whether he deſerve 
it or no, has the ill fortune to be much accuſed of inſincerity, and ſome of whoſe more 
caſy proceſſes our author (who is yet willing to ſpare his name, and ſeems to think his 
works not uſeleſs) could not find to ſucceed, he ſhould not have taken it upon his au- 
thority, no more than he is wont to take other proceſſes, divers of which he yet in the 
general ſuppoſes may be true, upon the relation of other chymiſts, who, by blemiſhing 
their books by things untrue and juſtly ſuſpicious, are not to be relied on, nor much 
thanked by wary men. But it will probably appear leſs pertinent to add any thing 
further on this ſubject, than to take notice, that when the author had once conſentet 
to the publication of the following papers, he ſeveral times wiſhed for an opportunity 
to make the experiments and obſervations he now preſents to the publick, more fulk 
and compleat than they were when addreſſed to a private friend. But the contagion 
that drove him from the places where his accommodations for repeating experiments 
were, obliged him to apply himſelf to other ſtudies and imployments. 

Axp vpon the fame account, though he afterwards found many of his notes upon 
other parts of the eſſay of Salt-petre, and hath lying by him divers papers concerning 
{ſenſible Qualities, and Senſation in general, and the Production of ſecond Qualities, 
together with a collection of Notes about occult Qualities, and ſome other ſubjects of 
kin to thoſe of this book ; yet having, upon the freſhly intimated occaſion, diverted 
his thoughts to other ſubjects, he will not ingage himſelf to put together and commu— 
nicate his collections on theſe ſubjects by any publick promiſe. | | 

FURTHERMORE, as the author has in the following diſquiſitions aimed not at the raiſ- 
ing or abetting a faction in philoſophy, but at the diſcovery of the truth; ſo he is not ſo 
ſolicitous, what every ſort of reader will think of his attempts (wnich is eaſy to foreſee 
are not like to be oyer-welcome to the votaries of the i{chool-philoſophy) as to refuſe a 


compliance with the deſires of his friends, who have been long ſincè very earneſt with 
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him, 
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him, not to ſpend that time in replies to particular perſons, which might be more uſefully 
imployed in purſuing further diſcoveries of nature by experiments. If he meet with any 
cogent and material objections againit any of his chief opinions, he is enough a lover of 
truth to be diſpoſed to think himſelf obliged by thoſe who ſhall ſhew him his miſtakes, 
and to take occaſion to reform them. But if nothing new or weighty be urged, he con- 
ſiders, that he lives in an age, wherein he has obſerved (even in his own caſe) that truth, 
if recommended by real experiments, will in time make its own way, and wherein 
live ſtore of ingenious men, who for the main, approve the opinions, and probably will 
not diſlike the arguments he has propoſed ; and who being more at leiſure than he to 
write polemical books, will not ſilently ſuffer what they judge truth to be triumphed 
over, or oppreſſed by thoſe, who, imploying uſually but ſcholaſtical arguments, may 
be confuted by anſwers of the like nature. And therefore he doubts not, but that ſome 
learned favourers of the corpuſcularian philoſophy (of which he hath endeavoured to 
make out thoſe parts, wherein they almoſt all agree) will be both able and willing to 
defend thoſe diſcoveries by rational diſputations, that they have not opportunity to in- 
creaſe by new experiment. | 

In the mean while, I have no temptation to doubt in the leaſt, but that this curious 
and excellent piece will be entertained and received by all that have any regard to the 
great concerns of learning, with that guſt, delight, reſpect, and eſtimation, which ir ſo 


highly merits. 
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S it is the part of a mineraliſt, both to diſcover new mines, and to work thoſe 
that are already diſcovered, by ſeparating and melting the ores to reduce them into 
perfect metal; ſo I eſteem, that it becomes a naturaliſt, not only to adviſe hypotheſes 
and experiments, but to examine and improve thoſe that are already found out. Upon 
this conſideration (among other motives) I was invited to make the following attempt, 
whoſe productions coming to be expoſed to other eyes, than thoſe for which they were 
firſt written, it will be requiſite to give the publick ſome account of the occaſion, the 
ſcope, and ſome circumftances. And this I ſhall do the more fully, becauſe the reaſons 
I am to render of my way of writing, in reference to the Peripatetick philoſophy, muſt 
contain intimations, which, perhaps, will not be uſeleſs to ſome ſorts of readers (eſpe- 
cially gentlemen) and, by being applied to moſt of thoſe other parts of my writings 
that relate to the n may do them good ſervice, and ſave both my 
readers and me ſome trouble of repetitions. 

Havinc four or five years ago publiſhed a little phyſico-chymical tract about the 
different parts and redintegration of nitre, I found as well by other ſigns, as by the 
early ſolicitations of the ſtationer for a new edition, that I had no cauſe to complain of 
the reception that had been given it: but I obſerved too, that the diſcourſe, conſiſting 
chiefly of reflexions that were occaſionally made upon the phenomena of a ſingle ex- 

eriment, was more available to confirm thoſe in the corpuſcularian philoſophy, that 
had already ſomewhat inquired into it, than to acquaint thoſe with the principles and 
notions of it, who were utter ſtrangers to it; and, as to many readers, was fitter to ex- 
cite a curioſity for that philoſophy, than to give an introduction thereunto. Upon this 
occaſion it came into my mind, that about the time when I writ that eſſay about ſalt . 


The following preface beir g addreſſe 1 only te Pyrophilus. | ; 
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petre (which was divers years before it was publiſhed) I had alſo ſome thoughts of 2 
hiſtory of qualities, and that having in looſe ſheets ſet down divers obſervations and ex- 
periments proper for ſuch a deſign, I had alſo drawn up a diſcourſe, which was ſo con- 
trived, that though ſome parts of it were written in ſuch a manner, as that they may 
ſerve for expoſitory notes upon ſome particular paſſages of the eſſay; yet thoſe parts 
with the reſt might ſerve for a general preface to the hiſtory of qualities, in caſe I 
ſhould ever have conveniency, as well as inclination, to make the proſecuting of it my 
buſineſs; and in the mean time might preſent that Pyrophilus, to whom I writ ſome 
kind of introduction to the principles of the mechanical philoſophy, by expounding to 
him, as far as my thoughts and experiments would enable-me to do, in few words, 
what, according to the corpuſcularian notions, may be thought of the nature and ori- 
gin of qualities and forms; the knowledge of which either makes or ſuppoſes the moſt 
tundamental and uſeful part of natural philoſophy. And to invite me to make uſe of 
theſe conſiderations and trials about qualities and forms, it opportunely happened, that 
though I could not find many of the notes written about particular qualities (my looſe 
apers having been, during the late confuſions, much ſcattered by the many removes 
Thad then occaſion to make); yet when laſt winter, being urged to publiſh my Hiſtory 
of Cold (which ſoon after came forth) Irummaged among my looſe papers, I found, that 
the ſeveral notes of mine, that he had met with under various heads, but yet all con- 
cerning the origin of forms and qualities, together with the preface addreſſed to Pyro- 
philus (though written at diſtant times and places) had two or three years before, by 
the care of an induſtrious perſon, with whom I left them, been fairly copied out together 
(which circumſtance I mention, that the reader may not wonder to find the following 
book not written uniformly in one continued tenor) excepting. ſome experiments, 
which having been of my own making, it was not difficult for me to perfect, either out 
of my notes and memory, or (where I doubted their ſufficiency) by repeated trials. 
Sa that if the urgency, wherewith divers ingenious men preſſed the publication of my 
new experiments about cold, and my unwillingneſs to protract it, till the froſty ſeaſon; 
that was fitteſt to examine and prove them, were all pait, had not prevailed with me to 
let thoſe obſcrvations be made publick the laſt winter, they might have been accompa- 
nied with the preſent eſſay of the Origin of Qualities and Forms, which have been pre- 
miſed to what I have written touching any of the particular qualities, ſince it contains 
cxperiments and conſiderations fit to be preliminary to them all. = 
Bur though I was by this means diverted from putting out the following treatiſe at 
the ſame time with the Hiſtory of Cold, yet I was without much difficulty prevailed 
with not to alter my intentions of ſuffering it to come abroad ; becauſe divers of my 
hiſtorical accounts of ſome particular qualities are to be reprinted, which may receive 
much light and confirmation by the things delivered in this preſent treatiſe about qua- 
lities and forms in general. To which inducement was added the perſuaſion of ſome 
ingenious perſons, who are pleaſed to confeſs their having received more information 
and ſatisfaction in theſe 2 than I durſt pretend to give them: though indeed the 
ſubject is ſo noble and ſo important, and does ſo much want the being illuſt rated by 
ſome diſtinct and experimental diſcourſe, that not only, if I did not ſuſpect my friends 
of partiality, I ſhould hope, that it may gratify many readers, and inſtruct more than a 
few; but ſuch as it is, I do not altogether deſpair, that it will prove neither unaccep- 
table nor uſeleſs. And indeed the doctrines of forms and qualities, and generation, and 
corruption, and alteration, are wont to be treated of by ſcholaſtical philoſophers in ſo 
obſcure, ſo perplexed, and fo unſatisfactory a way, and their diſcourſes upon theſe ſub- 
jects do conſiſt fo much more of logical and metaphyſical notions and niceties than of 
pityſical obſervations and reaſonings, that it is very difficult for any reader of but an 


ordinary 
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ordinary capacity to underſtand what they mean, and no leſs difficult for any intelligent 
and unprejudiced reader to acquieſce in what they teach: which is oftentimes ſo ow 


carious and ſo contradictious to itſelf, that moſt readers (without always excepting ſuch 
as are learned and ingenious) frighted by the darkneſs and difficulties wherewith theſe 
ſubjects have been ſurrounded, do not ſo much as look after or read over theſe general 
and controverted matters, about which the ſchools make ſo much noiſe ; but deſpair- 
ing to find any ſatisfaction in the ſtudy of them, betake themſelves immediately to that 
part of phyſicks that treats of particular bodies. So that to theſe it will not be un- 
acceptable to have any intelligible notions offered them of theſe things, which, as they 
are wont to be propoſed, are not wont to be underſtood : though yet the ſubjects them- 
elves, if I miſtake not, may be juſtly reckoned not only amongſt the nobleſt and moſt 
important, but (in caſe they be duly propoſed) among the uſefuleſt and moſt delight- 
ful ſpeculations that belong to phylicks. | 

I consIDER too, that among thoſe that are inclined to that philoſophy, which I find 
I have been much imitated in calling Corpulcularian, there are many ingenious perſons, 
eſpecially among the nobility and gentry, who having been firſt drawn to like this new 
way of philoſophy by the fight of ſome experiments, which for their novelty or pret- 
tineſs they were much pleaſed with, or for their ſtrangeneſs they admired, have after- 
wards delighted themſelves to make or ſee variety of experiments, without having ever 
had the opportunity to be inſtructed in the rudiments or fundamental notions of that 
philoſophy whoſe pleaſing or amazing productions have enamoured them of it. And 
as our Pyrophilus, for whom theſe notes were drawn up, did in ſome regards belong to 
this ſort of virtuoſi, ſo it is not impoſſible, but that ſuch readers, as he was then, will 
not be ſorry to meet with a treatiſe, wherein though my chief and proper buſineſs be 
the giving ſome account of the nature and origin of forms and qualities; yet, by reaſon 
of the connexion and dependance betwixt theſe and divers of the other principal things 
that belong to the general part of phyſicks, I have been obliged to touch upon 1o 
many other important points, that this tract may in ſome ſort exhibit a ſcheme of, or 
ſerve for an introduction into the elements of the Corpulcularian philoſophy. 

AND as thoſe readers, that have had the curioſity to peruſe what is commonly taught 
in the ſchools about forms, and generation, and corruption, and thoſe other things we 
have been mentioning, and have (as is uſual among ingenious reagers) quitted the ſtudy 
of thoſe unſatisfaCtory intricacies with diſguſt, will not be diſpleaſed to find in our 
notes ſuch explications of thoſe things, as render them at leait intelligible z fo it will 
not, perhaps, prove unacceptable to ſuch readers, to find thoſe matters which the 
{ſchools had interwoven with Ariſtotle's doctrine, reconciled and accommodated to the 
notions of the corpuſcular phylicks. 

Ir it be ſaid, that I have left divers things unmentioned, which are wont to be largely 
treated by the Ariſtotelians, and particularly have omitted the diſcuſſion of ſeveral 
queſtions, about which they are wont very folemnly and eagerly to contend ; I readily 
acknowledge it to be true: but I anſwer further, that to do otherwiſe than I have done, 
were not agreeable to the nature of my deſign, as is declared in the preface to Pyrophilus ;, 
and that though molt readers will not take notice of it, yet ſuch as are converſant in 
that ſort of authors, will, I preſume, ealily find that I have not left them unconſulted, 
but have had the curioſity to reſort to ſeveral both of the more and of the leſs recent 
ſcholaſtical writers about phyſicks, and to ſome of the beſt metaphylictans to boot, that I 
might the better inform myſelf, both what their opinions are, and upon what argu- 
ments they are grounded. But as I found thoſe inquiries far more troubletome than 
uſeful, fo I doubt not, that my omiſſions will not much diſpleaſe that fort of readers, 

for whoſe ſake chicfly it is that theſe papers are permitted to be made publick. For. 
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if I ſhould increaſe the obſcurity of the things themſelves I treat of, by adding the ſe- 


veral obſcurer comments (rather than explications) and the perplexed and ti \ 
opinions I have met with among ſcholaſtic writers, I doubt that ſuch perſons, as I 

chiefly write for, would, inſtead of better comprehending what I ſhould ſo deliver, ab- 
ſolutely forbear to read it. And there being many doctrines, to which number this 
we are ſpeaking of ſeems to belong, wherein the ſame innate light, or other arguments, 
that diſcover the truth, do likewiſe ſufficiently ſhew the erroneouſneſs of diſſenting 
opinions; I hope it may ſuffice to propoſe and eſtabliſh the notions that are to be im- 
braced, without ſolicitouſly diſproving what cannot be true, if thoſe be ſo. And in- 
deed there are many opinions and arguments of good repute in the ſchools, which do 
ſo intirely rely upon the authority of Ariſtotle, or ſome of his more celebrated followers, 
that where that authority is not acknowledged, to fall upon a ſolemn confutation of 
what has been ſo precariouſly advanced, were not only unneceſſary, but indiſcreet, 
even in a diſcourſe not confined to the brevity challenged by the nature of this of ours. 
And there are very many queſtions and controverſies, which, though hotly and cla- 
morouſly contended about, and indeed pertinent and fit enough to be debated in their 
philoſophy, do yet ſo much ſuppoſe the truth of ſeveral of their tenets, which the new 
philoſophers reje& ; or are grounded upon technical terms or forms of ſpeaking, that 
ſuppoſe the truth of ſuch opinions; or are expreſſions, whereof we neither do nor need 
make any uſe ; that to have inſerted ſuch debates into ſuch a diſcourſe as mine, would 
have been not only tedious, but impertinent. As (for inſtance) thoſe grand diſputes, 
whether the four elements are endowed with diſtin& ſubſtantial forms, or have only 
their proper qualities in ſtead of them ? and whether they remain in the mixed bodies, 
according to their forms, or according to their qualities? And whether the former or 
the latter of thoſe be or be not ręfracted? Theſe, I ſay, and divers other controverſies 
about the four elements and their manner of miſtion, are quite out of doors in their 
philoſophy, that acknowledge neither, ' that there are four elements, nor that cold, 
heat, dryneſs, and moiſture are, in the peripatetic ſenſe, firſt qualities, or that there are 
any ſuch things as ſubſtantial forms in rerum naturd. And it made me the more un- 


willing to ſtuff theſe papers with any needleſs ſchool-controverſies, becauſe I found 


upon peruſal of ſeveral ſcholaſtic writers (eſpecially the recenter, who may probably be 
ſuppoſed to be the moſt refined) that they do not always mean the ſame things by the 
lame terms, but ſome imploy them in one ſenſe, others in another, and ſometimes the 
{ame writer uſes them in very different ſenſes, which I am obliged to take notice of, 
that ſuch readers as have conſulted ſome of thoſe authors may not accuſe me of mil- 
taking or injuring ſome of the ſcholaſtical terms and notions he may meet with in theſe 
papers, when I have orly imployed them in the ſenſe of other ſchool-writers, which I 
judged preferable. And this put me in mind of intimating, that whereas, on the con- 
trary, I ſometimes imployed variety of terms and phraſes to expreſs the ſame thing, Idid 
it purpoſely, though perhaps to the prejudice of my own reputation, for the advantage 
of Pyrophilus ; both J and others having obſerved, that the ſame unobvious notions 
being ſeveral ways expreſſed, ſome readers, even among the ingeniouſer ſort of them, 
will take it up much better in one of thoſe expreſſions, and ſome in another. 

Bur perhaps it will be wondered at, even by ſome of the new philoſophers, that diſ- 
ſenting ſo much as I do from Ariſtotle and the ſchoolmen, I ſhould overlook or decline 
ſome arguments, which ſome very ingenious men think to be of very great force againſt 
the doctrine i oppeie. . But divers of theſe arguments being ſuch, as the logicians call 
ad bominem, I thought I might well enough ſpare them. For I have obſerved Ariftotle 
in his Phyſics to write ſo very often in ſo dark and ambiguous a way, that it is far more 
difficult than one would think, to be ſure what his opinion was : and the unlearned 


and 
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and too frequently jarring gloſſes of his interpreters have often made the comment 
darker than the text; ſo that (though in moſt it be, yet) in divers caſes it is not 
eaſy (eſpecially without the expence of many words) to lay open the contradictions of 
the Peripatetick doctrine, beſides that the urging ſuch contradictions are oftentimes 
fitter to ſilence an unwary adverſary, than ſatisfy a wary and judicious reader; it being 
very poſſible, that a man may contradict himſelf in two ſeveral places of his works, 
and yet not be in both of them in the wrong. For one of his aſſertions, though in- 
conſiſtent with the other, may yet be conſiſtent with truth. But this is not all I have 
to ſay on this occaſion. For beſides that having, for many reaſons elſewhere mentioned, 
purpoſely forborne the reading of ſome very much, and, for aught I know, very juſtly 
eſteemed diſeourſes about general hypotheſes, it is very poſſible, that I may be a ſtran- 
ger to ſome of thoſe arguments: beſides this, I ſay, I confeſs I have purpoſely forborne 
to make uſe of others, which I have ſufficiently taken notice of. For ſome of thoſe 
ratiocinations would engage him, that ſhould imploy them, to adopt an hypotheſis or 
theory, in which perhaps I am not ſo thoroughly ſatisfied, and of which I do not con- 
ceive myſelf to have, on this occaſion, 'any neceſſity to make uſe: and accordingly I 
have forborn to imploy arguments, that are either grounded on, or ſuppoſe indiviſible 
corpuſcles called Atoms, or any innate motion belonging to them; or that the eſſence 
of bodies conſiſts in extenſion, or that a vacuum is impoſſible ; or that there are ſuch 
globuli caleftes, or ſuch a materia ſubtilis, as the Cartęſians imploy to explicate moſt of 
the phenomena of nature. For theſe and divers other notions, I (who here write 
rather for the Corpuſcularians in general, than any party of them) thought it improper 
needleſly to take in, diſcourſing either againſt thoſe to whom theſe things appears as 
diſputable, as the Peripatetick tenets ſeem to me; or for to ſatisfy an ingenious perſon, 
whom it were not fair to impoſe upon with notions that I did not myſelf think proper. 
Ap on the like account I forbore ſuch arguments as thoſe, that ſuppoſe in nature 
and bodies inanimate, deſigns and paſſions proper to living, and perhaps peculiar to 
intelligent beings ; and (ſuch as) ſome proofs that are drawn from the theology of the 
ſchools; (which I wiſh leſs interwoven with Ariſtotle's philoſophy.) For though there 
be ſome things which ſeem to be of this fort (as arguments drawn from final cauſes 
in divers particulars that concern animals) which in a ſound ſenſe I not only admit, 
but maintain; yet ſince, as they are wont to be propoſed, they are liable enough to 
be queſtioned, I thought it expedient for my preſent deſign to pretermit them, as 
things that I do not abſolutely need ; though the imploying ſome of them would fa- 
cilitate my taſk, And this I did the rather, becauſe I alſo forbear to anſwer argu- 
ments, that however vehemently and ſubtilly urged by many of the modern ſchool- 
men of the Roman Catholick communion, are either confeſſedly, or at leaſt really 
built upon ſome theological tenets of theirs, which being oppoſed by the divines of 
other churches, and not left unqueſtioned by ſome acute ones of their own, would not 
be proper to be ſolemnly taken notice of by me, whoſe buſineſs in this tract is to diſ- 
courſe of natural things as a naturaliſt, without invading the province of divines, by 
mtermeddling with ſupernatural myſteries ; ſuch as thoſe, upon which divers of the 
phyſico-theological tenets of the ſchoolmen, eſpecially about real qualities, and“ the 


* Atque hc ſententia (of the diſtindion and ſeparableneſs of quantity from matter) ef emrning tenen: 
uanguam enim non foffit ratione naturali ſufficienter demonſirari, tamen ex principits checlegiæ CONDIACIIUT &f © 
vera, maxime propter myſterium euchariſtie. Suarez Diſp. Metap. 40. p. m. 341. pauciſque interject!s. 
Prima ratio pro hac jenteatia et, quia in myſ/erio euchariftis Deus jeparavit quantiitatem & G. 
fanis & dini, &c. Et p. m. 342. —c reſponſio & ſententia | adveriariorum] fic calicata nen pet facile. 
S eivdenter impugnari, fende in puro naturali; nibilemiuus tam, fpariim raticie natural, partim at 
junta mifterio jufficientifiiane irmprobeutut. 
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ſeparableneſs of accidents from objects of inheſion, are manifeſtly, if not alſo avowedly 
grounded. But to return to the other things I was owning to have left unmentioned, 
notwithſtanding all that I have been ſaying, I readily acknowledge, that in ſome recent 
authors that have been imbracers of the new philoſophy, I have met with ſome paſ- 
ſages that might well and pertinently be taken into the following diſcourſe, but that 
having been (as I formerly intimated) tranſcribed ſome years ago, I cannot now ſo con- 
veniently alter it: which I am the leſs troubled at, becauſe theſe few additional argu- 
ments, thought fit to illuſtrate or confirm, being not neceſſary to make out what has 
been delivered, may ſafely be let alone, unleſs there happen (as it is not unlikely there 
may) an occaſion of reprinting theſe notes, with ſuch inlargements as may make them 
the more fit to be an introduction into the corpuſcular philoſophy. 

I Hoyt then, upon the whole matter, that I have pitched upon that way that was 
the moſt conducive to my deſign, partly by inſiſting only on thoſe opinions, whether 
true or falſe, which for their importance or difficulty ſeemed to delerve to be particu- 
larly either explicated or diſproved ; and partly by chuſing to employ ſuch arguments, 
as I thought the cleareſt and cogenteſt, and by their aſſuming the leaſt of any, ſeemed 
the eaſieſt to be vindicated from exceptions ; without troabling myſelf to anſwer objec- 
tions that appeared rather to be drawn from metaphyſical or logical ſubtilties, or to 
be grounded upon the authority of men, than to be phyſical ratiocinations, founded 
upon experience, or the nature of the things under debate; eſpecially having, in the 
propoſal or confirmation of the truth, ſo laid the grounds, and imitated the ways of 
anſwering what is like to be colourably objected againſt it, that an ingenious man may 
well enough furniſh himſelf with weapons to defend the truth, out of the notions, hints, 
and experiments, wherewith in this tract care has been taken to accompany. And by 
forbearing to proſecute ſome of the Peripatetick controverſies any further than I have 
done, will not, I hope, be blamed by them that have obſerved as well as I, how much 
thoſe diſputes are wont to be lengthened by ſuch frivolous diſtinctions, as do not de- 
ſerve to be ſolemnly examined, 5 — in ſuch a compendious treatiſe as ours. For 
an attentive reader needs not be much converſant with the writings of the modern 
Peripateticks about ſuch ſubjects as ſubſtantial forms, generation, corruption, Cc. to 
take notice, that it is their cuſtom, when they find themſelves diſtreſſed by a ſolid ar- 
gument, to endeavour to elude it by ſome pitiful diſtinction or other; which is uſu- 
ally ſo groundleſs, and ſo unintelligible, or ſo nugatory, or ſo impertinent to the ſub- 
ject, or at lea t ſo inſufficient for the purpoſe it is alledged for, that to vouchſafe it a 
ſolicitous confutation might queſtion a writer's judgment with intelligent readers; who 
by ſuch inſignificant diſtinctions are ſatisfied of nothing ſo much, as that the framers of 
them had rather ſay (that which indeed amounts to) nothing, than not to ſeem to ſay 
ſomething. And of ſuch evaſions they may probably be emboldened to make uſe, by 
the practice of Ariſtotle himſelf, to whom ſuch obſcure and unſatisfactory diſtinctions 


are ſo familiar, that I remember one of his own commentators * (and he one of the 
moſt judicious) eould not forbear, upon a certain text of his maſter's, to complain of 


it, and particularly to take notice, that that one diſtinction of aZu & potentia runs 


through almoſt all Ariſtetle's philoſophy, and is imployed to ſhift off thoſe difficulties 
he could not clearly explicate. 


The author here meant is the inquiſitive Peripatetick Calæus, who in one place hath theſe words ; 
Ut hanc quetionem folvat, recurrit ad illam diſtinctionem fabi valde familiarem, ud utitur Ariſtoteles in 
lata ſua philyjophin, quoties obviam habet aliguam grauem diffcultatem, diflinguit enim au wel potentia, 
Kc. In another theſe: — uz oft diſtiuctios quedam familiaris Ariſtoteli, quam applirat omnibus rebus, 
97 Eficultates urgent, & widetur iſtis vocibus quaſi fatali gladio omnes reſcindere difficultatis nodos ; viæ 
ene 64 dificeutias, cui non puta! je ſatisfacere diſtinguendo actu & potentia, | | | . 
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By which nevertheleſs I would not be underſtood to cenſure or decry the whole Pe- 
ripatetick philoſophy, much leſs to deſpiſe Ariſtotle himſelf ; whoſe own writings give 
me ſometimes cauſe a little to wonder, to find ſome abſurdities ſo confidently fathered 
upon him by his ſcholaſtic interpreters. For I look upon Ariſtotle as one (though but 
as one amongſt many) of thoſe famed ancients, whoſe learning about A/exander's time 
ennobled Greece; and I readily allow him moſt of the praiſes due to great wits, ex- 
cepting thoſe which belong to clear-headed naturaliſts. And I here declare once for 
all, that, where in the following tract, or any other of my writings, I do indefinitely de- 
preciate Ariſtotle's doctrine, I would be underſtood to ſpeak of his phyſicks, or rather 
of the ſpeculative part of them (for his hiſtorical writings concerning animals I much 
eſteem) nor do I fay that even theſe may not have their uſe among ſcholars, and even 
in univerſities, if they be retained and ſtudied with due cautions and limitations (of 
which I have elſewhere ſpoken). | 

Bur to reſume the diſcourſe whence the Peripatetick diſtinctions tempted me to di- 
greis ; by any thing I formerly ſaid I would not in the leaſt diſparage thoſe excellent, 
and eſpecially thoſe modern authors that have profeſſedly oppoſed the Ariſtotelian phy- 
ſicks (ſuch as Lucretius, Verulam, Baſſo, Des Cartes and his followers, Gaſſendus, the 
two Boots, Pagnenus, Pemble, Helmont) nor to be thought to have made no uſe of 
any of their cogitations or arguments. For though ſome of their books I could not 
procure when I had occaſion to have recourſe to them; and though the weakneſs of my 
eyes diſcouraged me from peruſing thoſe parts of others that concerned not the ſubject 
I was treating of, yet I hope I have been benefited by thoſe I have conſulted, and 
might have been more ſo by the learned Gaſſendus's little, but ingenious, Syntagma 
Philoſophie Epicuri, if 1 had more ſeaſonably been acquainted with it. 

Bur whether we have treated of the nature and origin of forms and qualities in a 
more comprehenſive way than others; whether we have by new and fit ſimilitudes and 
examples and other means rendered it more intelligible than they have done; whether 
we have added any conſiderable number of notions and arguments, towards the com- 
pleating and confirming of the propoſed hypotheſis ; whether we have with reaſon diſ- 
miſſed arguments unfit to be relied on; and whether we have propoſed ſome notions 
and arguments ſo warily as to keep them from being liable to exceptions or evaſions, 
whereto they were obnoxious as others have propoſed them; whether (I ſay) we have done 
all or any of theſe in the firſt or ſpeculative part of this treatiſe, we willingly leave the 
reader to judge. But in the ſecond or hiſtorical part of it perhaps he will be invited to 
grant that we have done that part of phyſicks we have been treating of ſome little ſer- 
vice; ſince by the lovers of real learning it was very much wiſhed that the doctrines 
of the new philoſophy (as it is called) were backed by particular experiments; the want 
of which I have endeavoured to ſupply, by annexing ſome whoſe nature and novelty, 
I am made believe, will render them as well acceptable as inſtructive. For though, 
that I might not anticipate what belongs to other papers, I did not make the laſt ſec- 
tion conſiſt of above a decad of them; and though, for the reaſons intimated in the 
advertiſements premiſed to them, I did not expreſly mention to Pyropbilus all that I 
could have told him about them; yet I have been careful ſo to chuſe them, and to in- 
terweave hints in delivering them, that a ſagacious reader who ſhall have the curioſity 
to try them heedfully, and make reflections on the ſeveral phenomena that in likel'- 
hood will occur to him, will (if I miſtake not) receive no contemptible information, 
as of ſome other things ſo particularly about the nature of mixtions (which I take to be 
one of the moſt important and uſeful, though neglected and ill underſtood doctrines 
of the practical part of phy ſicks) and may probably light upon more than he expects, 
or I have fully Send and perhaps too more than J foreſaw. | 
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Axp though ſome virtuoſi, more converſant perhaps with things than books, pre- 
ſuming the decay of the Peripatetick philoſophy to be every where as great as it is 
among them in England, may think that a doctrine which they look on as expiring, 
need not have been fo ſolicitouſly confuted; yet thoſe that know how deep rooting 
this philoſophy has taken (both elſewhere, and particularly) in thoſe academies where 


it has flouriſhed for many ages, and in ſome of which it is, excluſively to the mecha- 
nical philoſophy, watered and fenced by their ſtatutes or their ſuperiors: and he that 
. alſo knows how much more eaſy ſome (more ſubtile than candid) wits find it plauſibly 
to defend an error, than ingenuouſly to confeſs it, will not wonder that I ſhould think 
that a doctrine fo advantaged, though it be too erroneous to be feared, is yet too con- 


ſiderable to be deſpiſed. And not to queſtion whether ſeveral of thoſe that moſt con- 
temn the favourers of the Peripatetick hypotheſis, as the later diſcoveries have reduced 
them to reform it, be not the leaſt provided to anſwer their arguments (not to que- 


tion this, I ſay) there are divers of our adverſaries (miſled only by education and mo- 
rally harmleſs prejudices) who do ſo much deſerve a better cauſe, than that which needs 


all their ſubtilty, without being worthy of it, that I ſhall-think more pains than T have 
taken very uſefully beſtowed, if my arguments and experiments prove ſo happy as to- 
undeceive perſons whoſe parts, too unluckily confined to narrow and fruitleſs no- 
tions, would render them illuſtrious champions for the truths they are able fo ſubtily 
to oppoſe ; and who might queſtionleſs perform conſiderable things, if they imployed 
as much dexterity to expound the myſteries of nature, as the riddles of the ſchoolmen, 

and laid out their wit and induſtry to ſurmount the obſcurity of her works, inſtead of 
that of Arifletle's. : 

THERE might be a few other particulars fit to be taken notice of in this preface, but 
finding that I had already mentioned them in that which I had addreſſed to Pyrophilus, 
my hafte makes me willing rather to refer the reader thither for them, than alter that, 
or lengthen this (which I ſhould think much too long already, if it were not poſſible 
that it may hereafter prove preliminary to more papers than theſe it is now premiſed 
to). So that there remains but one advertiſement neceſſary to be given here, namely, 
that whereas in the following notes I ſeveral times fpeak of the author of the effay of 
falt-petre, as of a chird perſon, the occaſion of that was, that when theſe notes, and 
ſome about particular qualities, were written, I had a deſign to make two diſtinct ſorts 
of annotations upon that eſſay; in the former whereof (which now comes forth) I aſ- 
ſumed the perſon of a Corpuſcularian, and diſcourſed at that rate. But I had thoughts 
too (in caſe God were pleaſed to grant me life and opportunity) to take a ſecond review 
both of the treatiſe itſelf, and of the notes on it, and on that occaſion to add what my riper 
thoughts and further experience might ſuggeſt unto me. And that in my animadver- 
ſions I might with the more freedom and conveniency add, explain, alter, and even 
retract, as I ſhould ſee cauſe, I thought it not amiſs to write them, as if they were made 
on the work of another. By which intimation the reader may be aſſiſted to gueſs how 
much intended in the following diſcourſe (in which, as in the prefaces belonging to it, 
play the Corpuſcularian) to reſerve myſelt the freedom of queſtioning and correct- 
ing, upon the deſigned review, any thing delivered in theſe notes; and how much more 
it was in them my deſign to bring Pyrophilus experiments and queries to illuſtrate 
obſcure matters, than by haſty aſſertions to dogmatize about them. 


THE 
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H E origin, Pyrophilus, and nature of the qualities of bodies, is a ſubject that I 

| have long looked upon as one of the moſt important and uſeful that the naturaliſt 
can pitch upon for his contemplation. For the knowledge we have of the bodies 
without us, being for the moſt part fetched from the informations the mind receives by 
the ſenſes, we ſcarce know any thing elſe in bodies, upon whoſe account they can work: 
upon our ſenſes, ſave their qualities : for as to the ſubſtantial forms which ſome imagine 
to be in all natural bodies, it is not half ſo evident that there are ſuch as it is, that the 
wiſeſt of thoſe that do admit them confeſs, that they do not well know them *. And as 
it is by their qualities that bodies act immediately upon our ſenſes, ſo it is by virtue of 
thoſe attributes likewiſe that they act upon other bodies, and by that action produce in 


them, and oftentimes in themſelves, thoſe changes that ſometimes we call alterations, 


and ſometimes generation or corruption. 

An it is chiefly by the knowledge, ſuch as it is, that experience (not art) hath taught 
us of theſe differing qualities of bodies, that -we are enabled, by a due application of 
agents to patients, to exerciſe the little empire that we have either acquired or regained 
over the creatures. But I think not the contemplation of qualities more noble and uſe- 
ful than I find it difficult; for what is wont to be taught us of qualities in the ſchools, 
is ſo ſlight and ill-grounded, that it may be doubted whether they have not rather ob- 
{cured than illuſtrated the things they ſhould have explained. And I was quickly diſ- 
couraged from expecting to learn much from them of the nature of divers particular qua- 
lities, when J found that, except ſome few, which they tell you in general may be de- 
duced (by ways they leave thoſe to gueſs at, that can) from thoſe four qualities, they are 
pleaſed to call the firſt, they confeſs that the reſt ſpring from thoſe forms of bodies, 
whoſe particular natures the 1 of them acknowledge they cannot compre- 
hend. And Ariftotle himſelf not only doth (as we ſhall ſee anon) give us of quality 
in general (which yet ſeems far more eaſily definable than many a particular quality) 
no other than ſuch a definition, as is as obſcure as the thing to be declared by it; but 
I obſerve, not without ſome wonder, that in his eight books of Phyſicks, where he pro- 


feſſedly treats of the general affections of natural things, he leaves out the doctrine of 


qualities; as after him Magirus and divers other writers of the Peripatetick phyſiology 


have done: which (by the way) I cannot but look upon as an omiſſion, ſince qualities 


do as well ſeem to belong to natural bodies generally conſidered, as place, time, mo- 
tion, and thoſe other things, which upon that account are wont to be treated of in the 
general part of natural philoſophy. The moſt ingenious Des Cartes has ſomething con- 
cerning ſome qualities; but though, for reaſons elſewhere expreſſed, I have purpose 
forborne to peruſe his ſyſtem of philoſophy, yet I find by turning over the leaves that 
he has left moſt of the other qualities untreated of; and of thoſe that are more properly 
called ſenſible, he ſpeaks but very briefly and generally, rather conſidering what they 
do upon the organs of ſenſe, than what changes happen in the objects themſelves, to 
make them cauſe in us a perception ſometimes of one quality and ſometimes cf an- 
other. Beſides that his explications do many of them ſo depend upon his peculiar no- 


* Nego tibi ullam eſſe formam nobis notam plenè & plant; neſtramgue cient; an ee umbran im ſolt. 
Scaliger (of whoſe confeſſion to the ſame purpoſe more are cited hereafter). 


B 2 tions 


N—ü— ñ YQ—— 2 * 2 — — oe Or on ty 


upon the change o 


. 


tions (of a materia ſubtilis, globuli ſecundi elementi and the like) and theſe, as it became 
ſo great a perſon, he has ſo interwoven with the reſt of his hypotheſis, that they can 
ſeldom be made uſe of without adopting his. whole philoſophy. Epicurus. indeed, and 
his ſcholiaſt Lucretius, have given fome good hints concerning the nature of ſome few 
qualities. But, beſides that even theſe explications are divers of them either doubtful. 
or imperfect, or both, there are many other qualities which are left for others to treat 
of. And this is the ſecond and main difficulty which I find in inveſtigating the nature 
of qualities; namely, that whatever be to be thought of the general theories of Ariſtotle 
or other philoſophers concerning qualities, we evidently want that upon which a theory, 
to be ſolid and uſeful, muſt be built; I mean an experimental hiſtory of them. And 
this we ſo want, that except perhaps what mathematicians have done concerning founds, 
and the obſervations (rather than experiments) that our illuſtrious Verulam hath (in 
ſome few pages) ſaid of heat in his ſhort Eſſay de Forma Calidi ; I know not any one 
uality of which any author has yet given us an any-thing competent hiſtory. Theſe 
things 1 mention to you, Pyrophilus, not at all to derogate from thoſe great men whoſe 
deſign ſeems rather to have been to deliver principles and fummaries of philoſophy, 
than to inſiſt upon particulars z but for this purpoſe, that ſince the nature of qualities 
is ſo beneficial a ſpeculation, my labours may not be looked upon as wholly uſeleſs, 
though 1 can contribute but a little to the clearing of it; and that ſince it is fo abſtruſe 
a ſubject, I may be pardoned if I ſometimes miſs the mark, and leave divers things un- 
compleated ; that being but what ſuch great philoſophers have done before me. 

BuT, Pyrophilus, betore I proceed to give you my notes upon this part of our au- 
thor's eſſay, that you may rightly underſtand my intention in them, it will be requiſite 
to give you three or four advertiſements. 

AnD firſt, Whenever I ſhall ſpeak indefinitely of ſubſtantial forms, I would always be 
underſtood to except the reaſonable ſoul that is ſaid to inform the human body, which 
declaration I here deſire may be taken notice of once for all. | 
 SgconDLy, Nor am I willing to treat of the origin of qualities in beaſts ; partly be- 
cauſe I would not be ingaged to examine of what nature their ſouls are, and partly be- 
cauſe it 1s difficult in moſt caſes (at leaſt for one that is compaſſionate enough) either to 
make experiments * living animals, or to Judge what influence their life may have 
qualities produced by ſuch experiments. | 
THIKkDLyY, The occaſion of the following reflections being only this, that our author, 
in that part of his eſſay concerning ſalt- petre, whereto theſe notes refer, does briefly in- 
timate {ome notions about the nature and origin of qualities; you muſt not expect that 
I], whoſe method leads me but to write ſome notes upon this and ſome other parts of 
this eſſay, ſhould make ſolemn or elaborate diſcourſes concerning the nature of parti- 
cular qualities, and that I ſhould fully deliver my own apprehenſions concerning thoſe 
ſubjects. For, as I elſewhere ſufficiently intimate, that in theſe firſt notes I write as a 
Corpuſcularian, and ſet down thoſe things only that ſeem to have a tendency to illuſtrate 
or countenance the notions or fancies implied in our author's effay ; ſo I muſt here tell 
you, that I neither have now the leiſure, nor pretend to the ſkill, to deliver fully the 
hiſtory, or to explicate particularly the nature of each ſeveral quality. 

FouRTHLY, But I conſider that the ſchools have of late much amuſed the world with 
a way they have got of referring all natural effects to certain entities, that they call 
real qualities, and accordingly attribute to them a nature diftin& from the modification 
cf the matter they belong to, and in ſome caſes ſeparable from all matter whatſoever; by 
which means they have, as far forth as their doctrine is acquieſced in, made it thought 
needleſs or hopeleſs for men to imploy their induſtry in ſearching into the nature of par- 
ticular qualities and their effects. As if (for inſtance) it be demanded how ſnow comes 
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to dazzle the eyes, they will anſwer, that it is by a quality of whiteneſs that is in it which 
makes all very white bodies produce the ſame effect: and if you aſk what this whiteneſs 
is, they will tell you no more in ſubſtance, than that it is a real entity which denomi- 
nates the parcel of matter to which it is joined, white; and if you further inquire what 
this real entity, which they call a quality, is, you will find, as we ſhall fee anon, that 
they either ſpeak of it much after the ſame rate that they do of their ſubſtantial forms 
(as indeed ſome of the moderneſt teach, that a quality affects the matter it belongs to 

r modum forme ſecundariæ, as they ſpeak) or at leaſt they will not explicate it more 
intelligibly. 

Axp accordingly, if you further aſk them how white bodies in general do rather 
produce this effect of dazzling the eyes, than green or blue ones, inſtead of being told 
that the former ſort of bodies reflect outwards, and ſo to the eye far more of the incident 
light than the latter; you ſhall perchance be told that it is their reſpective natures ſo 
to act. By which way of diſpatching difficulties they make it very eaſy to ſolve all 
the phænomena of nature in general, but make men think it impoſſible to explicate 
almoſt any of them in particular. 

Ap though the unſatisfactorineſs and barrenneſs of the ſchool-philoſophy have per- 
ſuaded a great many learned men, eſpecially phyſicians, to ſubſtitute the chymiſts three 
principles inſtead of thoſe of the ſchools; and though I have a very good opinion of 
chymiſtry itſelf, as it is a practical art; yet, as it is by chymiſts pretended to contain a 
ſyttem of theorical principles of philoſophy, I fear it will afford but a very little ſatiſ- 


faction to a ſevere inquirer into the nature of qualities. For beſides that, as we 


ſhall more particularly fee anon, there are many qualities which cannot with any pro- 
bability be deduced from any of the three principles; thoſe that are aſcribed to one 
or other of them cannot intelligibly be explicated without recourſe to the more com- 
prehenſive principles of the Corpuſcularian philoſophy: to tell us, for inſtance, that 
all ſolidity proceeds from ſalt, only informing us (where it can plauſibly be pretended) 
in what material principle or ingredient that quality reſides, not how it is produced; 
for this doth not teach us (for example) how water even in exactly-cloſed veſſels comes 
to be frozen into ice; that is, turned from a fluid to a ſolid body, without the acceſſion 
of a ſaline ingredient (which I have not yet found pretended) eſpecially glaſs being 
held impervious to ſalts). Wherefore, Pyrophilus, I thought it might much conduce 
to the underſtanding the nature of qualities, to ſhew how they are generated ; and by 
the fame way I hoped it might remove in tome meaſure the obſtacle, that theſe dark 
and narrow theories of the Peripateticks and Chymiſts may prove to the advancement 
of folid and uſeful philoſophy. That then which I chiefly aim at, is to make it pro- 
bable to you by experiments (which I think hath not yet been done) that almoſt all 
forts of qualities, moſt of which have been by the ſchools either left unexplicated, or 
generally referred toI know not what incomprehenſible ſubſtantial forms,may be produced 
mechanically; I mean by ſuch corporeal agents, as do not appear either to work 
otherwiſe than by virtue of the motion, ſize, figure, and contrivance of their own parts 


(which attributes I call the mechanical affections of matter, becauſe to them men will- 


ingly refer the various operations of mechanical engines) : or to produce the new 
qualities exhibited by thoſe bodies, their action changes by any other way, than by 
changing the texture or motion, or ſome other mechanical affection of the body wrought 
upon. And this if I can in any paſſable meaſure do, though but in a general way, in 
ſome or other of each of theſe three ſorts into which the Peripateticks are wont to di ide 
the qualities of bodies, I hope I ſhail have done no ulelcis piece of fervice to natural 
hilofophy ; partly by exciting you and your learned friends to inquire after more in- 
telligible and ſatisfactory ways of explicating qualities, and partly by beginning uch a 
3 collection 
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collection of materials towards the hiſtory of thoſe qualities, that I ſhall the moſt largely 


inſiſt on, as heat, colours, fluidity, and firmneſs, as may invite you and other 3 
men to contribute alſo their experiments and obſervations to ſo uſeful a work, and 
thereby lay a foundation whereon you, and perhaps I, may ſuperſtruct a more diſtinct 
and explicite theory of qualities than I ſhall at preſent adventure at. And though I 
know that ſome of the things my experiments tend to manifeſt, may likewiſe be con- 
firmed by the more obvious phænomena of nature, yet I preſume you will not diſlike 
my chuſing to entertain you with the former (though without at all deſpiſing, or ſo 
much as ſtrictly forbearing to imploy the latter) becauſe the changes of qualities made 
by our experiments will, for the moſt part, be more quick and conſpicuous ; and the 
agents made uſe of to produce them being of our own applying, and oftentimes of our 
own preparation, we may be therefore aſſiſted the better to judge of what they are, 
and to make an eſtimate of what it is they do, | 
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THE THEORICAL PART. 


HAT, before I deſcend to particulars, J may, Pyrophilus, furniſh you with 

ſome general apprehenſion of the doctrine (or rather the hypotheſis) which is to 
be collated with, and to be either confirmed or diſproved by the hiſtorical truths that 
will be delivered concerning particular qualities (and forms); I will aſſume the perſon 
of a Corpuſcularian, and here at the entrance give you (in a general way) a brief ac- 
count of the hypotheſis itſelf, as it concerns the origin of qualities (and forms); and 
for diſtinction's ſake, I ſhall comprize it in the eight following particulars, which, that 
the whole ſcheme may be the better comprehended, and as it were ſurveyed under one 
proſpect, I ſhall do little more than barely propoſe them that either ſeem evident 
enough by their own light, or may without prejudice have divers of their proofs re- 
ſerved for proper places in the following part of this treatiſe. And though there be 
ſome other particulars to which the importance of the ſubjects, and the greatneſs of the 
(almoſt univerſal) prejudices that lie againſt them, will oblige me immediately to an- 
nex (for the ſeaſonable clearing and juſtifying of them) ſome annotations yet that 


they 
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they may, as little as I can, obſcure the coherence of the whole diſcourſe, as much of 
them as conveniently may be ſhall be included in | |] paratheles. 

I. I acREE with the generality of philoſophers fo far as to allow, that there is one 
catholick or univerſal matter common to all bodies, by which I mean a ſubſtance ex- 
tended, diviſible, and impenetrable. | 

IT, Bur becauſe this matter being in its own nature but one, the diverſity we ſee in 
bodies muſt neceſſarily arife from ſomewhat elſe than the matter they conſiſt of. And 
ſince we fee not how there could be any change in matter, if all its (actual or deſignable) 
parts were perpetually at reſt among themſelves, it will follow, that to diſcriminate the 
catholick matter into variety of natural bodies, it mult have motion in ſome or all its 
deſignable parts: and that motion muſt have various tendencies, that which. is in this 

art of the matter tending one way, and that which is in that part tending another; 
as we plainly ſee in the univerſe or general mais of matter, there is really a great quan- 
tity of motion, and that variouſly determined, and that yet divers portions of matter 
are at reſt, 

ITnar there is local motion in many parts of matter is manifeſt to ſenſe ; but how 
matter came by this motion was of old, and is {till hotly difputed of: for the antient 
Corpuſcularian philoſophers (whoſe doctrine in moſt other points, though not in all, we 
are moſt inclinable to) not acknowledging an Author of the univerſe, were thereby re- 
duced to make motion congenite to matter, and conſequently coeval with it. But ſince 
local motion, or an endeavour at it, is not included in the nature of matter, which is 
as much matter when it reſts as when it moves; and fince we fee that the ſame portion 
of matter may from motion be reduced to reſt, and after it hath continued at reſt, as 
long as other bodies do not put it out of that ſtate, may by external agents be ſet a 
moving again; I, who am not wont to think a man the worſe naturaliſt for not being 
an atheiſt, ſhall not ſcruple to ſay with an eminent philoſopher of old, whom I find to 
have propoſed among the Greeks that opinion (for the main) that the excellent Des Cartes 
has revived amongſt us, that the origin of motion in matter is from God]; and not only fo, 
but that thinking it very unfit to be believed that matter barely put into motion, and 
then left to itſelf, ſhould caſually conſtitute this beautiful and orderly world : I think 
alſo further, that the wiſe Author of things did, by eſtabliſhing the laws of motion 
among bodies, and by guiding the firſt motions of the ſmall parts of matter, bring 
them to convene after the manner requiſite to compole the world, and eſpecially did 
contrive thoſe curious and elaborate engines, the bodies of living creatures, endowing 
moſt of them with a power of propagating their ſpecies. But though theſe things are 
my perſuaſions, yet, becauſe they are not neceſſary to be ſuppoſed here, where I do nor 
pretend to deliver any compleat diſcourſe of the principles of natural philoſophy, but 
only to touch upon ſuch notions as are requiſite to explicate the origin of qualities and 
forms, I ſhall paſs on to whar remains, as ſoon as I have taken notice that local motion 
feems to be indeed the principal amongft ſecond cauſes, and the grand agent of all that 
happens in nature : for though bulk, figure, reſt, ſituation, and texture do concur to 
the phænomena of nature, yet in compariſon of motion they ſeem to be in many caſes, 
effects, and in many others little better than conditions, or requiſites, or cauſes ine 
guibus non, which modify the operation that one part of matter by virtue of its motion 
hath upon another; as in a watch, the number, the figure, and coaptation of the wheels 
and other parts is requiſite to the ſhewing the hour, and doing the other things that may 
be performed by the watch; but till theſe parts be actually put into motion, all their 
other affections remain inefficacious. And fo in a key, though it were too big or too 
little, or if its ſhape were incongruous to that of the cavity of the lock, it wculd be 
unfit to be uſed as a key though it were put into motion; yet, let its bignets and figure 
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be never ſo fit, unleſs actual motion intervene, it will never lock or unlock any 
thing, as without the like actual motion, neither a knife nor razor will actually cut, 
how much ſoever their ſhape and other qualities may fit them to do ſo. And fo brim- 
ſtone, what diſpoſition of parts ſoever it have to be turned into flame, would never be 
kindled, unleſs ſome actual fire or other parcel of vehemently and variouſly agitated 
matter ſhould put the ſulphureous corpuſcles into a very briſk motion. 

III. Tazsz two grand and moſt catholick principles of bodies, matter and motion, 
being thus eſtabliſhed, it will follow, both that matter muſt be actually divided into 
parts, that being the genuine effect of variouſly determined motion, and that each of the 
primitive fragments, or other diſtinct and intire maſſes of matter, muſt have two attri- 
butes, its own magnitude, or rather ſize, and its own figure or ſhape. And ſince ex- 
perience ſhews us (eſpecially that which is afforded us by chymical operations, in many 
of which matter is divided into parts too ſmall to be ſingly ſenſible) that this diviſion of 
matter is frequently made into inſenſible corpuſcles or particles, we may conclude, 
that the minuteſt fragments, as well as the biggeſt maſſes of the univerſal matter, are 
likewiſe endowed each with its peculiar bulk and ſhape. For being a finite body, its 
dimenſions muſt be terminated and meaſurable : and though it may change its figure, 
yet for the ſame reaſon it muſt neceſſarily have ſome figure or other. So that now we 
have found out, and muſt admit three eſſential properties of each intire or undivided, 
though inſenſible part of matter; namely, magnitude (by which I mean not quantity 
in general, but a determined quantity, which we in Engliſb oftentimes call the ſize of 
a body) ſhape, and either motion or reſt (for betwixt them two there is no mean): 
the two firſt of which may be called inſeparable accidents of each diſtinct part of mat- 
ter; inſeparable, becauſe being extended, and yet finite, it is phyſically . impoſſible 
that it ſhould be devoid of ſome bulk or other, and ſome determinate ſhape or other; 
and yet accidents, becauſe that whether or no the ſhape can by phyſical agents be al- 
tered, or the body ſubdivided, yet mentally both the one and the other may be done, 
the whole eſſence of matter remaining undeſtroyed. 

WHETHER theſe accidents may not conveniently enough be called the moods or pri- 
mary affections of bodies, to diſtinguiſh them from thoſe leſs ſimple qualities (as colours, 
taſtes, and odours) that belong to bodies upon their account; or whether, with the Epi- 
cureans, they may not be called the conjuncts of the ſmalleſt parts of matter, I ſhall not 
now ſtay to conſider: but one thing the modern ſchools are wont to teach concerning 
accidents, is too repugnant to our preſent doctrine to be in this place quite omitted; 
namely, that there are in natural bodies ſtore of real qualities and other real accidents, 
which not only are no moods of matter, but are real entities diſtin& from it, and, ac- 
cording to the doctrine of many modern ſchoolmen, may exift ſeparate from all matter 
whatſoever. To clear this point a little, we mult take notice, that accident is amon 
logicians and philoſophers uſed in two ſeveral ſenſes; for ſometimes it is oppoſed to the 
fourth predicable (property) and is then defined ; That, which may be preſent or ab- 
ſent without the deſtruction of the ſubject; as a man may be fick or well, and a wall 
white or not white, and yet the one be ſtill a man, the other a wall : and this is called 
in the ſchools accidens prædicabile, to diſtinguiſh it from what they call accidens præ- 
dicamentale, which is oppoſed to ſubſtance : for when things are divided by logicians 
into ten predicaments or higheſt genus's of things, ſubſtance making one of them, all 
the nine other are of accidents. And as ſubſtance is commonly detined to be a thing 
that ſubſiſts of itſelf, and is the ſubject of accidents (or more plainly a real entity or 
thing that needs not any (created) being, that it may exiſt) : ſo an accident is ſaid com- 
monly to be id cujus eſſe eſt in eſſe; and therefore Ariſtotle, who uſually calls ſubſtances 
ſimply Cura, entities, moſt commonly calls accidents 5e ira, entities of entities; theſe 
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needing the exiſtence of ſome ſubſtance or other, in which they may be, as in their 
ſubje& of inheſion. And becauſe logicians make it the diſcriminating note of ſub- 
ſtance and accident, that the former is a thing that cannot be in another, as in its ſub- 
ject of inheſion, it is requiſite to know, that, according to them, that is ſaid to be in a 
ſubje&t which hath theſe three conditions; That however it (1) be in another thing 
(2) is not in it as a part, and (3) cannot exiſt ſeparately from the thing or ſubject 
wherein it is: as a white wall is the ſubje& of inheſion of the whiteneſs we ſee in it, 
which ſelf-ſame whiteneſs, though it be not in the wall as a part of it, yet cannot the ſelf- 
ſame whiteneſs, according to our logicians, exiſt any where out of the wall, though 
many other bodies may have the like degree of whiteneſs. This premiſed, it will not 
be hard to diſcover the falſity of the lately mentioned ſcholaſtick opinion touching real 
qualities and accidents, their doctrine about which does, I confeſs, appear to me to be 
either unintelligible, or manifeſtly contradictious. For ſpeaking in a phyſical ſenſe, if 
they will not allow theſe accidents to be modes of matter, but entities really diſtinct from 
it, and in ſome caſes ſeparable from all matter, they make them indeed accidents in 
name, but repreſent them under ſuch a notion as belongs only to ſubſtances; the nature 
of a ſubſtance conſiſting in this, that it can ſubſiſt of itſelf without being in any thing 
elſe, as in a ſubject of inheſion. So that to tell us that a quality or other accident 
may ſubſilt without a ſubject, is indeed, whatever they pleaſe to call it, ro allow it the 
true nature of ſubſtance ; nor will their groundleſs diſtinctions do any more than keep 
them from ſeeming to contradi& themſelves in words, whilſt unprepoſſeſſed perſons ſee 
that they do it in effect. Nor could I ever find it intelligibly made out what theſe real 
qualities may be that they deny to be either matter or modes of matter, or immaterial 
ſubſtances. When a bowl runs along or lies ſtill, that motion or reſt, or globous figure 
of the bowl 1s not nothing, and yet 1s not any part of the bowl ; whoſe whole ſubſtance 
would remain, though it wanted which you pleaſe of theſe accidents : and to make 
them real and phyſical entities (for we have not here to do either with logical or me- 
taphyſical ones) is, as if, becauſe we may conſider the ſame man ſitting, ſtanding, run- 
ing, thirſty, hungry, weary, &c. we ſhould make each of theſe a diſtinct entity, as we 
do give ſome of chem (as hunger, wearineſs, Sc.) diſtinct names; whereas the ſubject 
of all theſe qualities is but the ſame man, as he is conſidered with circumſtances that 
make him appear different in one caſe from what he appears in the other: and it may 
be very uſeful to our preſent ſcope to obſerve, that not only diverſity of names, but 
even diverſity of definitions, doth not always infer a diverſity of phyſical entities in the 
ſubject whereunto they are attributed. For it happens in many of the phyſical attri- 
butes of a body, as in thoſe other caſes wherein a man that is a father, a huſband, a 
maſter, a prince, &c. may have a peculiar definition (ſuch as the nature of the thing 
will bear) belong unto him in each of theſe capacities; and yet the man in himſelt 
conſidered is but the ſame man, who, in reſpect of differing capacities, or relations to 
other things, is called by differing names, and deſcribed by various definitions, which 
yet (as I was ſaying) conclude not ſo many real and diſtinct entities in the perſon ſo va- 
riouſly denominated, 
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7 UT, becauſe I take this notion to be of no ſmall importance towards the 
avoiding of the grand miſtake that hath hitherto obtained about the nature of 
qualities, it will be worth while to illuſtrate it a little farther. We may conſider then that 
when Tibal-Cain, or whoever elſe were the ſmith that invented locks and keys, had 
made his firſt lock (for we may reaſonably ſuppoſe him to have made that before the 
key, though the compariſon be made uſe of without that ſuppoſition) that was only a 
piece of iron contrived into ſuch a ſhape; and when afterwards he made a key to that 
lock, that alſo in itſelf conſidered was nothing but a piece of iron of ſuch a deter- 
minate figure: but in regard that theſe two pieces of iron might now be applied to 
one another after a certain manner, and that there was a congruity betwixt the wards of 
the lock and thoſe of the key, the lock and the key did each of them now obtain a new 
capacity; and it became a main part of the notion and deſcription of a lock, that it was 
capable of being made to lock or unlock by that piece of iron we call a key, and it 
was looked upon as a peculiar faculty and power in the key, that it was fitted to open 
and ſhut the lock; and yet by theſe new attributes there was not added w real or phy- 
ſical entity either to the lock or to the key, each of them remaining indeed nothing but 
the ſame piece of iron, juſt fo ſhaped, as it was before. And when our ſmith made other 
keys of different bigneſſes or with different wards, though the firſt lock was not to be 
opened by any of thoſe keys, yet that indiſpoſition, however it might be conſidered as a. 
peculiar power of refiſting this or that key, and might ſerve to diſcriminate it ſufficiently 
trom the locks thoſe keys belonged to, was nothing new in the lock, or diſtinct from the 
figure it had before thoſe keys were made. To carry this compariſon a little farther, 
let me add, that though one that would have defined the firſt lock and the firſt ke 
would have given them diſtinct definitions with reference to each other; and yet 34 
was ſay ing) theſe definitions being given but upon the ſcore of certain reſpects, which 
the defined bodies had one to another, would not infer that theſe two iron inſtruments: 
did phyſically differ otherwiſe than in the figure, ſize, or contrivement of the iron 


| whereof each of them conſiſted. And proportionably hereunto, I do not ſee why we 
may not conceive, that as to thoſe qualities (for inſtance) which we call ſenſible, though, 


by virtue of a certain congruity or incongruity in point of figure (or texture or other me- 
chanical attributes) to our ſenſories, the portions of matter they modify are enabled to pro- 
duce various effects, upon whoſe account we make bodies to be endowed with qualities; 
yet they are not in the bodies that are endowed with them, any real or diſtinct entities, 
or differing from the matter itſelf, furniſhed with ſuch a determinate bigneſs, ſhape, or 
other mechanical modifications. Thus, though the modern goldſmiths and refiners 
reckon amongſt the molt diſtinguiſhing qualities of gold, by which men may be cer- 
tain of its being true and not ſophiſticated, that it is eaſily diſſoluble in aqua regis, 
and that aqua fortis will not work upon it; yet theſe attributes are not in the gold any 
thing diſtinct from its peculiar texture, nor is the gold we have now of any other na- 
ture than it was in Pliny's time, when aqua fortis and aqua regis had nat been found out 
(at leaſt in theſe parts of the world) and were utterly unknown to the Roman gold- 
ſmiths. And this example I have the rather pitched upon, becauſe it affords me an op- 
portunity to repreſer.t, that unleſs we admit the doctrine I have been propoſing, we mult 
admit, that a tody may have an almoſt infinite numbcr of new real entities accruing, 
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to it without the intervention of any phyſical change in the body itſelf. As for example, 
gold was the ſame natural body immediately before aqua regis and aqua fortis were firſt 
made, as it was immediately after; and yet now it is reckoned amongſt its principal 
properties, that it is diſſoluble by the former of thoſe two menſtruums, and that it 
is not like other metals diſſoluble or corrodible by the latter. And if one ſhould in- 
vent another menſtruum (as poſſibly I may think myſelf maſter of ſuch a one) that will 
but in part diſſolve pure gold, and change ſome part of it into another metalline body, 
there will then ariſe another new property, whereby to diſtinguiſh that from other me- 
tals; and yet the nature of gold is not a whit other now than it was before this laſt 
menſtruum was firſt made. There are ſome bodies not cathartick nor ſudorifick, with 
ſome of which gold being joined acquires a purgative virtue, and with others a power 
to procure ſweat; and, in a word, nature herſelf doth ſometimes otherwiſe, and ſome- 
times by chance produce ſo many things that have new relations unto others: and art, 
eſpecially aſſiſted by chymiſtry, may, by variouſly diſſipating natural bodies, or com- 
pounding either them or their conſtituent parts with one another, make ſuch an in- 
numerable company of new productions, that will each of them have new operations 
either immediately upon our ſenſories, or upon other bodies whoſe changes we are 
able to perceive, that no man can know but that the moſt familiar bodies may have 
multitudes of qualities that he dreams not of; and a conſidering man will hardly ima- 
gine that ſo numerous a croud of real phyſical entities can accrue to a body, whilſt in 
the judgment of all our ſenſes it remains unchanged and the ſame that it was before. 
To clear this a little farther, we may add, that bezten glaſs is commonly reckoned 
among poiſons ; and (to ſkip what is mentioned out of Sauctlorius of the dyſentery pro- 
cured by the fragments of it) I remember * Carden hath a ſtory, that in a cloiſter 
where he had a patient then like to die of torments in the ſtomach, two other nuns had 
been already killed by a diſtracted woman that, having caſually got free, had mixed 
beaten glaſs with peas that were eaten by theſe three and divers others of the ſiſters 
{who yet eſcaped unharmed). Now though the powers of poiſons be not only looked 
upon as real qualities, but are reckoned amongſt the abſtruſeſt ones; yet this delete- 
rious faculty, which is ſuppoſed to be a peculiar and ſuperadded entity in the beaten 
glaſs, is really nothing diſtinct from the glaſs itſelf (which, though a concrete made up 
of thoſe innocent ingredients, ſalt and aſhes, is yet a hard and {tiff body) as it is fur- 
niſhed with that determinate bigneſs and figure of parts which have been acquired by 
comminution ; for theſe glaſſy fragments being many and rigid, and fomewhatr ſmall 
(without yet being fo ſmall as duſt) and endowed witi ſharp points and cutting edges, 
are enabled by theſe mechanical affections to pierce or wound the tender membranes 
of the ſtomach and guts, and cut the ſlender veſſels that they may meet with there; 
whereby naturally enſue great gripings and contorſions of the injured parts, and often- 
times bloody fluxes, occaſioned by the perforation of the capillary arteries and the great 
Irritation of the expulſive faculty, and ſometimes alſo not only horrid convulſions, by 
conſent of the brain and cerebellum with ſome of the nervous or membranous parts 
that happen to be hurt, but alſo dropſies, occaſioned by the great loſs of blood we were 
juſt now ſpeaking of. And it dgfees very well with this conjecture, that beaten glaſs 
hath divers times been oblerved to have done no miſchief to animals that have ſwal- 
+ lowed it: for there is no reaſon it ſhould, in caſe the corpuſcles of the powder either 
chance to be ſo ſmall as not to be fit to waund the guts, which are uſually lined with a 
ſlimy ſubſtance, wherein very minute powders may be as it were ſheathed, and by thar 
means hindered from hurting the guts (inſomuch that a fragment of glafs with three 
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An EXCURSION about the relative Nature of 
PHVYSICAL QuaLllTIEs. 


I UT, becauſe I take this notion to be of no ſmall importance towards the 


D asoiding of the grand miſtake that hath hitherto obtained about the nature of 


qualities, it will be worth while to illuſtrate it a little farther. We may conſider then that 
when Tubal-Cain, or whoever elſe were the ſmith that invented locks and keys, had 
made his firſt lock (for we may reaſonably ſuppoſe him to have made that before the 
key, though the compariſon be made uſe of without that ſuppoſition) that was only a 
piece of iron contrived into ſuch a ſhape; and when afterwards he made a key to that 
lock, that alſo in itſelf conſidered was nothing but a piece of iron of ſuch a deter- 
minate figure : but in regard that theſe two pieces of iron might now be applied to 
one another after a certain manner, and that there was a congruity betwixt the wards of 
the lock and thoſe of the key, the lock and the key did each of them now obtain a new 
capacity; and it became a main part of the notion and deſcription of a lock, that it was 
capable of being made to lock or unlock by that piece of iron we call a key, and it 

was looked upon as a peculiar faculty and power in the key, that it was fitted to open 
and ſhut the lock ; and yet by theſe new attributes there was not added any real or phy- 
ſical entity either to the lock or to the key, each of them remaining indeed nothing but 
the ſame piece of iron, juſt fo ſhaped, as it was before. And when our ſmith made other 


keys of different bigneſſes or with different wards, though the firſt lock was not to be 


opened by any of thoſe keys, yet that indiſpoſition, however 1t might be conſidered as a. 
peculizr power of refiſting this or that key, and might ſerve to diſcriminate it ſufficiently 
trom the locks thoſe keys belonged to, was nothing new in the lock, or diſtinct from the 
figure it had before thoſe keys were made. To carry this compariſon a little farther, 
let me add, that though one that would have defined the firſt lock and the firſt ke 

would have given them diſtinct definitions with reference to each other; and yet (a5 1 
was ſay ing) theſe definitions being given but upon the ſcore of certain reſpects, which 
the defined bodies had one to another, would not infer that theſe two iron inſtruments. 
did phyſically differ otherwiſe than in the figure, ſize, or contrivement of the iron 
whereof each of them conſiſted. And proportionably hereunto, I do not fee why we 


may not conceive, that as to thoſe qualities (for inſtance) which we call ſenſible, though, 


by virtue of a certain congruity or incongruity in point of figure (or texture or other me- 
chanical attributes) to our ſenſories, the portions of matter they modify are enabled to pro- 


duce various effects, upon whoſe account we make bodies to be endowed with qualities; 


yet they are not in the bodies that are endowed with them, any real or diſtinct entities, 
or differing from the matter itſelf, furniſhed with ſuch a determinate bigneſs, ſhape, or 
other mechanical modifications. Thus, though the modern goldſmiths and refiners 
reckon amongſt the moſt diſtinguiſhing qualities of gold, by which men may be cer- 
tain of its being true and not ſophiſticated, that it is eaſily diffoluble in aqua regis, 
and that aqua fortis will not work upon it; yet theſe attributes are not in the gold any 
thing diſtinct from its peculiar texture, nor is the gold we have now of any other na- 
ture than it was in Pliny's time, when aqua fortis and aqua regis had nat been found out 
(at leaſt in theſe parts of the world) and were utterly unknown to the Roman gold- 
ſmiths. And this example I have the rather pitched upon, becauſe it affords me an op- 
portunity to repreſer.t, that unleſs we admit the doctrine I have been propoſing, we muſt 


admit, that a tody may have an almoſt infinite number of new real entities acer uing 


0. 


Mature of Phyſical Rualities, 


to it without the intervention of any phyſical change in the body itſelf. As for example, 
gold was the ſame natural body immediately before aqua regis and aqua fortis were firſt 
made, as it was immediately after; and yet now it is reckoned amongſt its principal 
properties, that it is diſſoluble by the former of thoſe two menſtruums, and that it 
is not like other metals diſſoluble or corrodible by the latter. And if one ſhould in- 
vent another menſtruum (as poſſibly I may think myſelf maſter of ſuch a one) that will 
but in part diſſolve pure gold, and change {ome part of it into another metalline body, 
there will then ariſe another new property, whereby to diſtinguiſh that from other me- 
tals; and yet the nature of gold is not a whit other now than it was before this laſt 
menſtruum was firſt made. 'T here are ſome bodies not cathartick nor ſudorifick, with 
ſome of which gold being joined acquires a purgative virtue, and with others a power 
to procure ſweat ; and, in a word, nature herſelf doth ſometimes otherwiſe, and ſome- 
times by chance produce ſo many things that have new relations unto others : and art, 
eſpecially aſſiſted by chymiſtry, may, by variouſly diſſipating natural bodies, or com- 
pounding either them or their conſtituent parts with one another, make ſuch an in- 
numerable company of new productions, that will each of them have new operations 
either immediately upon our ſenſories, or upon other bodies whoſe changes we are 
able to perceive, that no man can know but that the molt familiar bodies may have 
multitudes of qualities that he dreams not of; and a conſidering man will hardly ima- 
gine that ſo numerous a croud of real phyſical entities can accrue to a body, whilſt in 
the judgment of all our ſenſes it remains unchanged and the ſame that it was before. 
To clear this a little farther, we may add, that bezten glaſs is commonly reckoned 
among poiſons ; and (to ſkip what is mentioned out of Saudtorius of the dyſentery pro- 
cured by the fragments of it) I remember * Carden hath a ſtory, that in a cloiſter 
where he had a patient then like to die of torments in the ſtomach, two other nuns had 
been already killed by a diſtracted woman that, having caſually got free, had mixed 
beaten glaſs with peas that were eaten by theſe three and divers others of the ſiſters 
(who yet eſcaped unharmed). Now though the powers of poiſons be not only looked 
upon as real qualities, but are reckoned amongſt the abſtruſeſt ones; yet this delete- 


rious faculty, which 1s ſuppoſed to be a 2 and ſuperadded entity in the beaten 


glals, is really nothing diſtinct from the glaſs itſelf (which, though a concrete made up 
of thoſe innocent ingredients, ſalt and aſhes, is yet a hard and {tiff body) as it is fur- 
niſhed with that determinate bigneſs and figure of parts which have been acquired b 

comminution ; for theſe glaſſy fragments being many and rigid, and ſomewhat ſmall 
(without yet being fo ſmall as duſt) and endowed with ſharp points and cutting edges, 
are enabled by theſe mechanical affections to pierce or wound the tender membranes 
of the ſtomach and guts, and cut the ſlender veſſels that they may meet with there, 
whereby naturally enſue great gripings and contorſions of the injured parts, and often- 
times bloody fluxes, occaſioned by the perforation of the capillary arteries and the great 
Irritation of the expulſive faculty, and ſometimes alſo not only horrid convulſions, by 
conſent of the brain and cerebellum with ſome of the nervous or membranous parts 
that happen to be hurt, but alſo dropſies, occaſioned by the great lofs of blood we were 
juſt now ſpeaking of. And it agrees very well with this conje&ture, that beaten glaſs 
. hath divers times been obſerved ro have done no miſchief to animals that have ſwal— 
+ lowed it: for there is no reaſon it ſhould, in caſe the corpuſcles of the powder either 
chance to be ſo ſmall as not to be fit to wound the guts, which are uſually lined with a 
ſlimy ſubſtance, wherein very minute powders may be as it were ſheathed, and by thar 
means hindered from hurting the guts (inſomuch that a fragment of glaſs with three 
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very ſharp corners hath been obſerved to have for above eighteen months “ lain inof- 


fenlive even in a nervous and very ſenſible part of the body) out of which they may, 


with the grofſer excrements of the lower belly, be harmleſly excluded, eſpecially in 
ſome individuals, whoſe guts and ſtomach too may be of a much ſtronger texture and 
better lined or ſtuffed with groſs and ſlimy matter than thoſe of others. And accordingly 
we ſee that the fragments of ſaphires, cryſtals, and even rubies, which are much harder 
than glaſs, are innocently, though perhaps not very effectually, uſed by phyſicians (and 
I have ſeveral times taken that without inconvenience) in cordial compoſitions, becauſe 


of their being by grinding reduced to a powder too ſubtile to excoriate or grate upon 


the ſtomach or guts; and probably it was upon ſome ſuch account that that happened 
which is related by Carden in the ſame place ; namely, that though the three nuns we 
have been ſpeaking of were poiſoned by the glaſs, yet many others who eat of the other 
portions of the ſame mingled peas received no miſchief thereby. (But of this ſubject 
more Þþ elſewhere). 

Anp this puts me in mind to add, that the multiplicity of qualities that are ſome- 
times to be met with in the ſame natural bodies needs not make men reject the opinion 
we have been propoſing, by perſuading them that ſo many differing attributes as may 

Found in one and the ſame natural body, cannot proceed from the bare 
texture and other mechanical affections of its matter. For we muſt conſider each body, 
not barely, as it is in itſelf, an entire and diſtinct portion of matter, but as it is a part of 
the univerſe, and conſequently placed among a great number and variety of other 
bodies, upon which it may act, and by which it may be acted on, in many ways (or 
upon many accounts) each of which men are wont to fancy as a diſtinct power or qua- 
lity in the body by which thoſe actions, or in which thoſe paſſions, are produced. For 
if we thus conſider things, we ſhall not much wonder that a portion of matter that is 
indeed endowed but with a very few mechanical affections, as ſuch a determinate tex» 
ture and motion, but is placed among a multitude of other bodies that differ in thoſe 
attributes from it and one another, ſhould be capable of having a great number and 
variety of relations to thoſe other bodies, and conſequently ſhould be thought to have 
many diſtinct inherent qualities by ſuch as look upon thoſe ſeveral relations or reſpects 
it may have to bodies without it, as real and diſtinct entities implanted in the body itſelf, 
When a curious watch is going, though the ſpring be that which puts all the parts 
into motion, yet we do not fancy (as an Indian or Chineſe would perchance do) in 
this ſpring one faculty to move the index uniformly round the dial-plate, another to 


. ſtrike the hour, and perhaps a third to give an alarm, or ſhew the age of the moon 


or the tides; all the action of the ſpring (which is but a flexible piece of ſteel forcibly 
coiled together) being but an endeavour to dilate or unbind itſelf, and the reſt being 
performed by the various reſpects it hath to the ſeveral bodies (that compoſe the watch) 
among which it is placed, and which they have one to another. We all know that 


the fun hath a power to harden clay, and ſoften wax, and melt butter, and thaw ice, 


and turn water into vapours, and make air expand itſelf in weather-glaſſes, and con- 
tribute to blanch linen, and make the white ſkin of the face ſwarthy, and mowed grafs 
yellow, and ripen fruit, hatch the eggs of filk-worms, caterpillars, and the like in- 


* This memorable accident happened to a ſehator of Berne, who was cured by the- experienced 
F abricius Hildapus, that gives a long account of it to the learned Hor/tius, among whoſe obſervations 
it is extant (ib. 2. obJerv. 35.) who aſcribes the indolence of the part, whilſt uncompreſſed, to ſome 
my 1 (familiar enough to thoſe tendinous parts) wherein the glaſſy fragment was as it were 

ed. 
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ſects, and perform I know not how many other things, divers of which ſeem contrary 
effects; and yet theſe are not diſtin powers or faculties in the ſun, but only the pro- 
ductions of its heat (which itſelf is but the briſk and confuſed local motion of the mi- 
nute parts of a body) diverſified by the differing textures of the body that it chances to 
work upon, and the condition of the other bodies that are concerned in the operation. 
And therefore, whether the ſun in ſome caſes have any influence at all diſtinct from its 
light and heat, we ſee that all thoſe phænomena we have thought fit to name, are pro- 
ducible by the heat of the common culinary fire duly applied and regulated. And 
ſo, to give an inſtance of another kind, when ſome years ſince, to try tome experi- 
ments Sour the propagation of motion with bodies leſs capable of being battered 
one another than thoſe that have been formerly imployed, I cauſed ſome ſolid balls of 
iron, ſkilfully hardened and exquiſitely . and glazed, to be purpoſely made; each 
of theſe poliſhed balls was a ſpherical looking-glaſs, which, placed in the midſt of a 
room, would exhibit the images of the objects round about it in a very regular and 
pleaſing perſpective. It would contract the image and reflect the beams of the ſun 
after a manner en from flat and from convex looking-glafſes. It would in a 
neat perſpective leſſen the image of him that looked upon it, and bent it, and it would 
ſhew that image as if it were behind the ſurface and within the ſolid ſubſtance of the 
ſphere; and in ſome it had all thoſe diſtinct, and ſome of them wonderful properties, which 
either ancient or modern writers of catoptricks have demonſtrated to belong to ſphe- 
rical ſpecula, as ſuch : and yet the globe, furniſhed with all theſe properties and af- 
fections, was but the iron itſelf reduced by the artificer to a ſpherical figure; (for the 
glaſs that made it ſpecular was not diſtinct from the ſuperficial parts of the iron, re- 
duced all of them to a phyſically equal diſtance from the center). And of ſpecula, 
ſpherical enough as to ſenſe, you may make ſtore in a trice, by breaking a large drop 
of quick- ſilver into ſeveral little ones, each of which will ſerve for objects placed pretty 
near it, and the ſmaller of which (being the leaſt depreſſed in the middle by their own 
weight, and conſequently more perfectiy globous) may, with a good microſcope placed 
in a window, afford you no unpleaſant proſpect of the neighbouring objects; and yet 
to reduce a parcel of ſtagnant quick- ſilver, which will much emulate a flat looking- 
glaſ, into many of theſe little ſpherical ſpecula, whoſe 3 are ſo differing from 
thoſe of plain ones, there intervenes nothing but a ſlight local motion, which, in the 
twinkling of an eye, changeth the figure of the ſelf-ſame matter. 

I nave ſaid thus much, Pyrophilus, to remove the miſtake, that every thing men 
are wont to call a quality mult needs be a real and phyſical entity, becauſe of the im- 
portance of the ſubject; and yet I have omitted ſome things that might have been 
pertinently added, partly becaule I may hereafter have opportunity to take them in, 
and partly becauſe 1 would not any farther lengthen this excurſion, which yet I muſt 
not conclude, till I have added this ſhort advertiſement. 

THaT I have choſen to declare what I mean by qualities, rather by examples than 
definitions, partly becauſe being immediately or reductively the objects of ſenſe, men 
generally underſtand pretty well what one another mean when they are ſpoken of: as 
to ſay, that the taſte of ſuch a thing is ſaline or ſour, or that ſuch a found is melodious, 

ſhrill, or jarring ( 6 rar if, when we ſpeak of ſenſible qualities, we add ſome enu- 
meration of particular fubjects wherein they do the moſt eminently reſide) will make 
a man as ſoon underſtood as if he ſhould go about to give logical definitions of thoſe 
qualities; and partly becauſe the notions of things are not yet ſo well ſtated and agreed 
on, Put that it is many times difficult to aſſign their true genus's. And Ariſtotle himſelf 


doth not only define accidents without ſetting down their genus, but when he comes 


to define qualities, he tells us, that quality is that by which a thing is ſaid to be gval;s 
where 
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where I would have you take notice, both that in his definition he omits the genus, 
and that it is no ſuch eaſy thing to give a very good definition of qualities, ſince he that is 
reputed the great maſter of kc where he pretends to give us one, doth hut upon 
the matter define the thing by the ſame thing: for it is ſuppoſed to be as little known 
what gualis is, as what gualitas is; and methinks he does juſt as if I ſhould define white- 
neſs to be that, for which a thing is called white, or virtue that, for which a man is 
ſaid to be virtuous*. Beſides that, I much doubt whether his definition be not untrue 
as well as obſcure : for, to the queſtion, Quulis res ef ? anſwer may be returned out of 
ſome, if not all, of the other predicaments of accidents ; which ſome of the modern 
logicians being aware of, * ave endeavoured to ſalve the matter with certain cau- 
tions and limitations, which, however they may argue the deviſers to be ingenious, do, 
for aught I can difcern, leave us ſtill to ſeek for a, right and intelligible ion of 
quality in general; though to give ſuch a one be probably a much eaſier taſk than to 
define many qualities that may be named in particular, as ſaltneſs, ſourneſs, green, blue, 
and many others, which, when we hear named, every man knows what is meant by 
them, though no man (that I know of) hath been able to give accurate definitions of 
them. | | 

IV. And if we ſhould conceive that all the reſt of the univerſe were annihilated, ex- 
cept any of theſe intire and undivided eorpuſcles (treated of in the 3d particular fore- 
going) it is hard to ſay what could be attributed to it, beſides matter, motion (or reſt) 
bulk, and ſhape. Whence by the way you may take notice that bulk, though uſually 
taken in a comparative ſenſe, is in our ſenſe an abſolute thing, fince a body would have 
it, though there were no other in the world. But now there being actually in the uni- 
verſe great multitudes of corpuſcles mingled among themſelves, there ariſe in any diſ- 
tinct portion of matter, which a number of them up, two new accidents or events : 
the one doth more relate to each particular corpuſcle in reference to the (really or ſup- 
poſedly) ſtable bodies about it, namely its poſture (whether erected, mclined, or ho- 
rizontal) : and when two or more of ſuch bodies are placed one by another, the man- 
ner of their being ſo placed, as one beſides another, or one behind another, may be 
called their order; as I remember, Ariſtotle in his Metaphyſicks, Ii. 1. cap. 4. recites 
this example out of the ancient Corpuſcularians, that A and N differ in figure, and 
AN and NA in order, Z and N in ſituation: and indeed poſture and order ſeem 
both of them reducible to firuation. And when many corpulcles do ſo convene to- 
gether as to compoſe any diſtinct body, as a ſtone or a metal, then from their other 
accidents (or modes) and from theſe two laſt mentioned, there doth emerge a certain 
diſpoſition or contrivance of parts in the whole, which we may call the texture of it. 

V. AnD if we ſhould conceive all the reſt of the univerſe to be annihilated fave one 
ſuch body, ſuppoſe a metal or a ſtone, it were hard to ſhew that there is phyſically any 
thing more in it than matter, and the accidents we have already named. But now we 


Since the writing of this the author found that ſome of the eminenteſt of the modern ſchoolmen 
themſelves have been as well as he unſatisfied with the Ariſictelian definition of quality: concerning 
which (not to mention Rewzus, a learned Proteſtant annotator upon Suarez) 4riaga ſays (difp. 5. ect. 2. 
Jubſ. 1.) Per hanc nihil explicatur ; nam de hec guærimus, quid fic effe quale, dices habere qualitatem ; 
bonus circulus : qualitas eft id, quo guis fit gualis, & efſe qualem eft hatere qualitatem. And even the fa- 
mous Jeſuit Szarez, though he endeavours to excuſe it, yet confefleth that it leaves the proper notion 
of quality as obſcure to us as before: (Lux definitio, ſaith he, lickt ca ratione efentialis wideatur, quod 


detur per habitudinem ad effetum formalem, quem emnis ſerma effentialiter refpicit, iamen quod ad nos ſpectat, 


qu? objcura nobis manet propria ratio qualitatis.) Suarez diſputat. metaphy/. 42. But Hurtadus (in his 
metaphyſical diſputations) ſpeaks more boldly, telling us roundly, that it is ac tam definitio, quam 


#nanis quædam nugaiio z which makes me the more wonder that a famous Cartefan (whom I forbear to 
name) ſhould contest himſelf to give us ſuch an inſignificant or at leaſt ſuperficial definitic: of quality, 
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are to conſider, that there are de facto in the world certain ſenſible and rational beings 
7 2 we call men; and the body of man having ſeveral external parts, as the eye, 
the ear, Fc. each of a diſtin and peculiar texture, whereby it is capable to re- 
ceive impreſſions from the bodies about it, and upon that account it is called an organ 
of ſenſe; we muſt conſider, I ſay, that theſe ſenſories may be wrought upon by the 
figure, ſhape, motion, and texture of bodies without them after ſeveral ways, ſome of 
thoſe external bodies being fitted to affect the eye, others the ear, others the noſtrils, &c. 
And to theſe operations of the objects on the ſenſories, the mind of man, which upon 
the account of its union with the body, perceives them, giveth diſtin& names, callin 

the one light or colour, the other ſound, the other odour, Sc. And becauſe alſo . 
organ of ſenſe, as the eye, or the palate, may be itſelf differingly affected by external 
objects, the mind likewiſe gives the objects of the ſame ſenſe diſtinct appellations, call- 
ing one colour green, the other blue, and one taſte ſweet, and another bitter, Fc. 
Whence men have been induced to frame a long catalogue of ſuch things, as, for 
their relating to our ſenſes, we call ſenſible qualities; and uſe we have been con- 
verſant with them before we had the uſe of reaſon, and the mind of man is prone to 
conceive almoſt every thing (nay, even privations, as blindneſs, death, &c.) under the 
notion of a true entity or ſubſtance, as itſelf is ; we have been from our infancy apt to 
imagine that theſe ſenſible qualities are real beings in the objects they denominate, and 
have the faculty or power to work ſuch and ſuch things; as gravity hath a power to 
ſtop the motion of a bullet ſhot upwards, and carry that ſolid globe of matter toward 


the center of the earth; whereas indeed (according to what we have largely ſneun 


above) there is in the body, to which theſe ſenſible qualities are attributed, nothing of 
real and phyſical but the ſize, ſhape, and motion or reſt, of its component particles, 
together with that texture of the whole, which reſults from their being ſo contrived as 
they are ; nor is it neceſſary they ſhould have in them any thing more, like to the ideas 
they occaſion in us, thoſe ideas being either the effect of our prejudices or inconſide- 
rateneſs, or elſe to be fetched from the relation that happens to be betwixt thoſe pri- 
mary accidents of the ſenſible object and the peculiar texture of the organ it affects : 
as when a pin being run into my finger cauſeth pain, there is no diſtinct quality in the 
pin anſwerable to what I am apt to fancy pain to be, but the pin in itſelf is only ſlender, 
tiff, and ſharp, and by thoſe qualities happens to make a ſolution of continuity in my 
organ of touching, upon which, by reaſon of the fabrick of the bady, and the intimate 
union of the ſoul with it, there ariſeth that troubleſome kind of perception which 
we call pain, and I ſhall anon more particularly ſnew how much that depends upon 
the peculiar fabrick of the body. 

VI. Bur here 1 foreſee a difficulty, which being perhaps the chiefeſt that we ſhall 
meet with againſt the corpuſcular hypotheſis, it will deſerve to be, before we pro- 
ceed any farther, taken notice of. And it is this, that whereas we explicate colours, 
odours, and the like ſenſible qualities by a relation to our ſenſes, it ſeems evident that 
they have an abſolute being irrelative to us: for ſnow (for inſtance). would be white, 
and a glowing coal would be hot, though there were no man or any other animal in 


the world. And it is plain that bodies do not only by their qualities work upon our 


ſenſes, but upon other, and thoſe inanimate, bodies; as the coal will not only heat or 
burn a man's hand if he touch it, but would likewiſe heat wax (even ſo much as to 
melt it and make it flow) and thaw ice into water, although all the men and ſenſitive: 
beings in the world were annihilated. To clear this difficulty, I have ſeveral things to 

repreſent ; and, | | 
I. 1 say not that there are no other accidents in bodies than colours, odours, and: 
the like; for l have already taught that there are ſimpler and more primitive affections 
of 
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of matter, from which theſe ſecondary qualities, if I may ſo call them, do depend: 
and _ the operations of bodies upon one another ſpring from the ſame, we ſhall ſee 
by and by. | 
1 Non do I ſay that all qualities of bodies are directly ſenſible; but I obſerve that 
when one body works upon another, the knowledge we have of their operation pro- 
ceeds either from ſome ſenſible quality, or ſome more catholick affection of matter, as 
motion, reſt, or texture, generated or deſtroyed in one of them; for elle it is hard to 
conceive how we ſhall come to diſcover what paſſes betwixt them. 

3. Wu muſt not look upon every diſtinct body that works upon our ſenſes as a bare 
Jump of matter of that bigneſs and outward ſhape that it appears of ; many of them 
having their parts curiouſly contrived, and moſt of them perhaps in motion too. Nor 
muſt we look upon the univerſe that ſurrounds us as upon a moveleſs and undiſtin- 
guiſhed heap of matter, but as upon a great engine, which having either no vacuity, 
or none that is conſiderable betwixt its parts (known to us) the actions of particular 
bodies upon one another muſt not be barely eſtimated, as if two portions of matter of 
their bulk and figure were placed in ſome imaginary ſpace beyond the world, but as 
being ſituate in the world, conſtituted as it now is, and conſequently as having in their 
action upon each other liable to be promoted or hindered or modified by the actions of 
other bodies beſides them : as in a clock, a ſmall force applied to move the index to 
the figure of XII will make the hammer ftrike often and forcibly againſt the bell, and 
will make a far greater commotion among the wheels and weights, than a far greater 
force would do, if the texture and contrivance of the clock did not abundantly contti- 
bute to the production of ſo great an effect. And in agitating water into froth, the 
whiteneſs would never be produced by that motion, were it not that the ſun or other 
lucid body ſhining upon that aggregate of ſmall bubbles enables them to reflect con- 
fuſedly great ſtore of little and as it were contiguous lucid images to the eye. And ſo 
the giving to a large metalline ſpeculum a concave figure would never enable it to ſer 
wood on fire, and even to melt down metals readily, if the ſun- beams, that in cloud- 
leſs days do, as to ſenſe, fill the air, were it not by the help of that concavity 
thrown together to a point. And to ſhew you by an eminent inſtance how various and 
how differing effects the ſame action of a natural agent may produce according to the 

ſeveral diſpoſitions of the bodies it works upon, do but conſider that in two eggs, the 
one prolifick, the other barren, the ſenſe can perhaps diſtinguiſh before the incubation 
no difference at all; and yet theſe bodies outwardly fo like, do differ in the internal 
diſpoſition of their parts, that if they be both expoſed to the ſame degree of heat 
(whether of a hen or an artificial oven) that heat will change the one into a putrid and 
ſtinking ſubſtance, and the other into a chick, furniſhed with great variety of orga- 
nical parts of very differing conſiſtencies, and curious as well as differing textures. 

4. I Do not deny but that bodies may be ſaid in a very favourable ſenſe to have 
thoſe qualities we call ſenſible, though there were no animals in the world: for a body in 
that caſe may differ from thoſe bodies which now are quite devoid of ns in its hav- 

ing ſuch a diſpoſition of its conſtituent corpuſcles, that in caſe it were duly applied to 
the ſenſory of an animal, it would produce ſuch a ſenſible quality which a body of 
another texture would not : as though if there were no animals there would be no 
ſuch thing as pain, yet a pin may, upon the account of its figure, be fitted to cauſe 
pain, in caſe it were moved againſt a man's finger; whereas a bullet, or other blunt body, 
moved againſt it with no greater force, will not cauſe any ſuch perception of pain. And 
thus ſnow, though, if there were no lucid body nor organ of ſight in the world, it would 
exhibit no colour as all (for I could not find it had any in places exactly darkened) yet 
it hath a greater diſpoſition than a coal or ſoot, to reflect ſtore of light outwards, when 
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the ſun ſhines upon them all three. And ſo we ſay, that a lute is in tune whether it be 
exactly played upon or no, if the ſtrings be all ſo duly ſtretched as that it would ap- 
pear to be in tune, if it were a upon. But as if you ſhould thruſt a pin into a 
man's finger, both a while before and after his death, though the pin be as ſharp at 
one time as at another, and maketh in both caſes alike a ſolution of continuity; yet in 
the former caſe the action of the pin will produce pain, and not in the latter, becauſe 
in this the pricked body wants the ſoul, and 9 the perceptive faculty: ſo 
if there were no ſenſitive beings thoſe bodies that are now the objects of our ſenſes 
would be but diſpoſitively, if I may ſo ſpeak, endowed with colours, taſtes, and the 
like; and actually, but only with thoſe more catholick affections of bodies, figure, 
motion, texture, Sc. 

To illuſtrate this yet a little farther : ſuppoſe a man ſhould beat a drum at ſome diſ- 
tance from the mouth of a cave, conveniently ſituated to return the noiſe he makes; 
although men will preſently conclude that that cave hath an echo, and will be apt to 
fancy upon that account ſome real property in the place to which the echo is ſaid to be- 
long; and although indeed the ſame noiſe made in many other of the neighbouring places 
would not be reflected to the ear, and conſequently would manifeſt thoſe places to have 
no echoes; yet, to ſpeak. phyſically of things, this peculiar quality or property we fancy 
in the cave is in it nothing elſe but the hollowneſs of its figure; whereby it is ſo diſpoſed, 
as when the air beats againſt it, to reflect the motion towards the place whence that 
motion began; and that which paſſeth on this occaſion is indeed bur this, that the drum- 
ſtick falling upon the drum makes a percuſſion of the air, and puts that fluid body into 
an undulating motion, and the airy waves thruſting on one another till they arrive at 
the hollow ſuperficies of the cave have, by reaſon of its reſiſtance and figure, their mo- 
tion determined the contrary way; namely, backwards towards that part where the 
drum was when it was ſtruck. So that in that which here happens there intervenes 
nothing but the figure of one body and the motion of another; though if a man's ear 
chance to be in the way of theſe motions of the air, forwards and backwards, it gives 
him a perception of them, which he calls ſound. And becauſe theſe perceptions which 
are ſuppoſed to proceed from the ſame percuſſion of the drum, and thereby of the air, 
are made at diſtinct times one after another, that hollow body from whence the laſt 
ſound is conceived to come to the air, 15 imagined to have a peculiar faculty, upon 
whoſe account men are wont to ſay that ſuch a place hath an echo. 

5. Ax whereas one body doth often ſeem to produce in another divers ſuch qualities 

as we call ſenſible, which qualities therefore ſeem not to need any reference to our ſenſes ; 
I conſider, that when one inanimate body works upon another, there is nothing really 
produced by the agent in the patient, ſave ſome local motion of its parts or ſome 
change of texture conſequent upon that motion: and ſo, if the patient come to have any 
ſenſible quality that it had not before, it acquires it upon the ſame account upon which 
other bodies have it, and it is but a conſequent to this mechanical change of texture, 
that, by means of its effects upon our organs of ſenſe, we are induced to attribute this or 
that ſenſible quality to it. And in caſe a pin ſhould chance by ſome inanimate body to be 
driven againſt a man's finger, that which the agent doth is but to put a ſharp and flender 
body into ſuch a kind of motion ; and that which the pin doth 1s to pierce into a body 
that it meets with, not hard enough to reſiſt its motion; and fo that upon this there ſhould 
enſue ſuch a thing as pain, is but a conſequent that ſuperadds nothing of real to the pin 
that occaſions that pain. So if a piece of tranſparent ice be, by the falling of ſome 
heavy and hard body upon it, broken into a groſs powder that looks whitiſh, the falling 
body doth nothing to the ice but break it into very ſmall fragments, lying confuſedly 
upon one another; though by reaſon of the fabrick of the world and of our eyes there 
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doth in the day-time, upon this comminution, enſue ſuch a kind of copious reflection of: 
the incident light to our eyes as we call whiteneſs. And when the fun, by thawing 
this broken ice, deſtroys the whiteneſs of that portion of matter, and makes it be- 
come diaphanous, which it was not before, it doth no more than alter the texture of. 
the component parts, by putting them into motion, and thereby into a new order; in 
which, by reaſon of the diſpoſition of the pores intercepted betwixt them, they reflect 
but few of the incident beams of light, and tranſmit moſt of them. Thus, when with a. 
burniſher you poliſh a rough piece of ſilver, that which is really done is but the depreſſion 
of the little protuberant parts into one level with the reſt of the ſuperficies; though upon 
this mechanical change of the texture of the ſuperficial parts, we men ſay, that it hath. 
loſt the quality of roughneſs, and acquired that of ſmoothneſs ; becauſe that, whereas be- 
fore the little exſtancies by their figure reſiſted a little the motion of our fingers, and 
grated upon them a little, our fingers now meet with no ſuch offenſive reſiſtance. It 
15 true that the fire doth thaw ice, and alſo both make wax flow, and enable it to burn a. 
man's hand; and yet this doth not neceſſarily argue in it any inherent quality of heat, 
diſtin& from the power it hath of putting the ſmall parts of the wax into ſuch a motion, 
as that their agitation ſurmounts their coheſion ; which motion, together with their gra- 
vity, is enough to make them pro tempore conſtitute a fluid body; and aqua fortis, 
without any (ſenſible) heat, will make camphire caſt on it aſſume the form of a liquor 
diſtinct from it; as I have tried that a ſtrong fire will alſo make camphire fluid: not to 
add, that I know a liquor into which certain bodies being put, when both itſelf (as well. 
as they) is actually cold (and conſequently when you would not ſuſpect it of an actual 
inherent heat) will not only ſpeedily diſſipate many of their parts into ſmoke, but leave 
the reſt black and burnt almoſt like a coal. So that though we ſuppoſe the fire to do no 
more than variouſly and briſkly to agitate the inſenſible parts of the wax, that may 
ſuffice to make us think the wax endowed with a quality of heat: becauſe if ſuch 
an agitation be greater than that of the ſpirit and other parts of our organs of touching, 
that is enough to produce in us that 3 we call heat; which is ſo much a relative 
to the ſenſory which apprehends it, that we ſee that the ſame lukewarm water, that is, 
whoſe corpuſcles are moderately agitated by the fire, will appear hot to one of a man's 
hands, if that be very cold, and cold to the other, in caſe it be very hot, though both 
of them be the ſame man's hands. To be ſhort, if we fancy any two of the bodies 
about us, as a ſtone, a metal, Sc. to have nothing at all to do with any other body in 
the univerſe, it is not eaſy to conceive either how one can act upon the other, but b 
local motion (of the whole body or its corporeal effluvia); or how by motion it can do 
any more than put the parts of the other body into motion too, and thereby produce in 
them a change of ſituation and texture, or of ſome other of its mechanical affections: 
though this (paſſive) body being placed among other bodies in a world conſtituted as 
ours now 1s, and being brought to act upon the moſt curiouſly contrived ſenſories of ani- 
mals, may upon both theſe accounts exhibit many differing ſenſible phænomena; which, 
however we look upon them as diſtinct qualities, are conſequently but the effects of the 
often mentioned catholick affections of matter, and deducible from the ſize, ſhape, mo- 


tion (or reſt) poſture, order, and the reſulting texture of the inſenſible parts of bodies. 


And therefore though, for ſhortneſs of ſpeech, I ſhall not ſcruple to make uſe of the 
word Qualities, ſince it is already fo generally received, yet IF would be underſtood to 
mean them in a ſenſe ſuitable to the doctrine above delivered. As if I ſhould fay that 
roughnels 1s apt to grate and offend the ſkin, I ſhould mean, that a file or other body, 
by having upon its ſurface a multitude of little hard and exſtant parts, and of. an angular 
or ſharp figure, is qualified to work the mentioned effect: and ſo if I ſhould fa 

that heat melts metals, I ſhould mean, that this fuſion is effected by fire or ſome other 
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body, which, by the various and vehement motion of its inſenſible parts, does to us 
appear hot. And hence (by the way) I preſume you will eaſily gueſs at what I think 
of the controverſy ſa hotly diſputed of late betwixt two parties of learned men, whereof 
the one would have all accidents to work only in virtue of the matter they reſide in, 
and the other would have the matter to act only in virtue of its accidents : for con- 
ſidering that on the one ſide the qualities we here ſpeak of do ſo depend upon matter, 
that they cannot ſo much as have a being but in and by it; and on the other ſide, if 
all matter were but quite devoid of motion (to name now no other accidents) I do not 
readily conceive how, it would operate at all; 1 think it is ſafeſt to conclude that neither 
matter nor qualities apart, but both of them conjointly, do perform what we ſee done 
by bodies to one another, according to the doctrine of qualities juſt now delivered. 


Of the Nature of a Form. 


VII. WE may now advance ſomewhat further, and conſider, that men having taken 

notice that certain conſpicuous accidents were to be found aſſociated in ſome 
bodies, and other conventions of accidents in other bodies, they did for conveniency, 
and for the more expeditious expreſſion of their conceptions, agree to diſtinguiſh them 
into ſeveral ſorts, which they call genders or ſpecies, according as they reterred them, 
either upwards to a more comprehenſive ſort of bodies, or downward to a narrower ſpecies, 
or to individuals; as, obſerving many bodies to agree in being fuſible, malleable, heavy, 
and the like, they gave to that ſort of body the name of Metal, which is a genus in refe- 
rence to gold, ſilver, lead, and but a ſpecies in reference to that ſort of mixed bodies they 
call Foſſilia : this ſuperior genus comprehending both metals, ſtones, and divers other 
concretions, though itſelf be but a - 5 in reſpect of mixed bodies. Now when any 
body is referred to any particular ſpecies (as of a metal, a ſtone, or the like) becauſe 
men have for their convenience agreed to ſignify all the eſſentials requiſite to conſtiture 
ſuch a body by one name, moſt of the writers of phyſicks have been apt to think, that 
beſides the common matter of all bodies, there is but one thing that diſcriminates it 
from other kinds, and makes it what it is, and this, for brevity's lake, they call a form: 
which, becauſe all the qualities and other accidents of the body muſt depend on it, they 
alſo imagine to be a very ſubſtance, and indeed a kind of ſoul, which, united to the 
groſs matter, compoſes with it a natural body, and acts in it by the ſeveral qualities 
to be found therein, whieh men are wont to aſcribe to the creature ſo compoſed. But 
as to this affair I obſerve, that if (for inſtance) you aſk a man what gold is; if he cannot 
ſhew you a piece of gold, and tell you this is gold, he will deſcribe it to you as a body 


that is extremely ponderous, very malleable and ductile, fuſible, and yet fixed in the 


fire, and of a yellowiſh colour; and if you offer to put off to him a piece of braſs for a 
piece of gold, he will preſently refuſe it, and (if he underſtand metals) tell you, that 
though your braſs be coloured like it, it is not ſo heavy nor fo malleable, neither will it 
like gold reſiſt the utmoſt brunt of the fire, or reſiſt aqua fortis. And if you aſk men, 
what they mean by a ruby, or nitre, or a pearl, they will {till make you ſuch anſwers, that 
you may clearly perceive, that whatever men talk in theory of ſubſtantial forms, yet that, 
upon whoſe account they really diſtinguiſh any one body from others, and refer it to 
this or that ſpecies of bodies, is nothing but an aggregate or convention of ſuch acci- 
dents as moſt men do by a kind of agreement (for the thing is more arbitrary than we 
are aware of) think neceſſary or ſufficient ro make a portion of the univerſal matter 
belong to this or that determinate genus 55 ſpecies of natural bodies. And therefore 
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not only the generality of chymiſts, but divers philoſophers, and, what is. more, ſome 
ſchoolmen themſelves, maintain it to be poſlible to tranſmute the ignobler metals into 
gold; which argues, that if a man could bring any parcel of matter to be yellow, and. 
malleable and ponderous, and fixed in the fire, and upon the teſt, and indiffoluble in aqua 
fortis, and in ſome to have a concurrence of all thoſe accidents by which men try true 
gold from falſe, they would take it for true gold. without ſcruple. And in this caſe the 
generality of mankind would leave the ſchool-doCtors todiſpute, whether being a factitious 
body (as made by the chymiſt's art) it have the ſubſtantial form of gold, and would upon 
the account of the convention of the freſhly mentioned accidents, let it paſs current 
amongſt them, notwithſtanding moſt mens greater care not to be deceived in a matter of 
this nature than in any other. And indeed ſince to every determinate. ſpecies of bodies 
there doth belong more than one quality, and for the moſt part a concurrence of many 
is ſo eſſential to that ſort of bodies, that the want of any one of them is ſufficient to ex- 
clude it from belonging to that ſpecies ; there needs no more to diſcriminate ſufficiently 
any one kind of bodies from all the bodies in the world that are not of that kind; as the 
chymiſts luna fixa, which they tell us wants not the weight, the malleableneſs, nor the 
fixedneſs, nor any other property of gold, except the yellowneſs (which makes them 
call it white gold) would by reaſon of that want of colour be eaſily known from true 
gold. And you will not wonder at this if you conſider, that though ſpheres and paral- 
lelopipedons differ but in ſhape, yet this difference alone isthe ground of ſo many others, 
that Euclid, and other geometricians have demonſtrated I know not how many properties 
of the one, which do no way belong to the other; and“ Ariſtotle himſelf ſomewhere tells 
us that a ſphere is compoſed of braſs and roundnefs. And I ſuppoſe it would be thought 
a man's own fault if he could not diſtinguiſh a needle from a file, or a key from a pair of 
ſciſſars, though theſe being all made of iron, and differmg but in bigneſs and ſhape, are 
leſs remarkably diverſe than natural bodies, the moſt part of which differ from each 
other in far more accidents than two. Nor need we think that qualities being 
but accidents, they cannot be eſſential to a natural body; for accident, as J for- 
merly noted, is ſometimes oppoſed to ſubſtance, and ſometimes to eſſence. And 
though an accident cannot but be accidental to matter, as it is a ſubſtantial thing, 
yet it may be eſſential to this or that particular body: as in Ariſtotle's newly 
mentioned example, though roundneſs is but accidental to braſs, yet it is eſſential 
to a brazen ſphere; becauſe, though the braſs were devoid of. roundneſs (as if it were 
cubical, or of any other figure) it would ſtill be a corporeal ſubſtance, yet without that 
roundneſs it could not be a ſphere. Wherefore ſince an aggregate or convention of 
qualities is enough to make the portion of matter it is found in what it is, and deno- 
minate it of this or that determinate ſort of bodies; and ſince thoſe qualities, as we 
have ſeen already, do themſelves proceed from thoſe more primary and catholick af- 
fections of matter, bulk, ſhape, motion, or reſt, and the texture thence reſulting, why 
may we not ſay that the form of a body being made up of thoſe qualities united in one 
ſubject, doth likewiſe conſiſt in ſuch a convention o& thoſe newly named mechanical 
agections of matter as is neceſſary to conſtitute a body of that determinate kind. And 
lo, though I ſhall for brevity's ſake retain the word Form, yet I would be underſtood to 
mean by it, not a real ſubſtance diſtinct from matter, but only the matter itſelf of a na- 
tural body, conſidered with its peculiar manner of exiſtence; which I think may not in- 
conveniently be called either its ſpecifical or its denominating ſtate, or its eſſential modi- 
fication z or, if you would have me expreſs it in one word, its ſtamp. For ſuch a con- 
vention of accidents is ſufficient to perform the offices that are neceſſarily required in 
whas men call a form, ſince it makes the body ſuch as it is, making it appertain to this, 


* friſt, Metaph. lib. 7. cap. 9. 
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or that determinate ſpecies of bodies, and diſcriminating it from all other ſpecies 
of bodies whatſoever : As for inſtance, ponderouſneſs, ductility, fixedneſs, yellowneſs, 
and ſome other qualities concurring in a portion of matter, do with it conſtitute gold, 
and making it belong to that ſpecies we call metals, and to that fort of metals we call 
gold, do both denominate and difcriminate it from ſtones, falts, marcaſites, and all other 
forts of bodies that are not metals, and from filver, braſs, copper, and all metals, 
except gold. And whereas it is ſaid by ſome, that the form alſo of a body ought to 
be the principle of its operation, we ſhall hereafter confider in what ſenſe that is to be 
admitted or rejected; in the mean time it may ſuffice us, that even in the vulgar phi- 

loſophy it is acknowledged, that natural things for the moſt part operate by their qua- 
lities, as ſnow dazzles the eyes by its whiteneſs, and water ſcattered into drops of rain 
falls from the clouds upon the account of its gravity. To which I ſhall add, that how 
great the power may be which a body may exerciſe by virtue of a ſingle quality, may 
appear by the various and oftentimes prodigious effects which fire produces by its heat, 
when thereby its melts metals, calcines ſtones, deſtroys whole woods and cities, Sc. 


And if ſeveral active qualities convene in one body (as that which in our hypotheſis is 


meant by form, uſually compriſes ſeveral of them) what great things may be thereby 
performed, may be ſomewhat gueſſed at by the ſtrange things we ſee done by ſome 
engines, which, being as engines, undoubtedly devoid of ſubſtantial forms, muſt do 
thoſe ſtrange things they are admired for, by virtue of thoſe accidents, the ſhape, ſize, 
motion, and contrivance of their parts. Not to mention; that in our hypotheſis, beſides. 
thofe operations that proceed from the effential modification of the matter, as the body 
(compoſed: of matter and neceſſary accidents) is conſidered per modum unius, as one in- 
tire corporeal agent, it may in divers caſes have other operations upon account of thoſe 
particular corpuſcles, which though they concur to compole it, and are, in reference 
to the whole, conſidered but as its parts, may yet retain their own particular nature, 
and divers of the peculiar qualities : as in a watch, beſides thoſe things which the watch 
performs as ſuch, the ſeveral parts whereof it conſiſts, as the ſpring, the wheels, the 
ſtring, the pins, &c. may have each of them its peculiar bulk, ſhape, and other attributes, 
upon the account of one or more of which the wheel or ſpring, c. may do other things 
than what it doth, as merely a conſtituent part of the watch. And ſo in the milk of a 
nurſe, that hath ſome hours before taken a potion, though the corpuſcles of the purging 


medicine appear not to ſenſe diſtin from the other parts of the milk, which in far 


greater numbers concur with them to conſtitute that white liquor; yet theſe purgative 
particles, that ſeem to be bur part of the matter whereof the milk conſiſts, do yet fo re- 
tain their own nature and qualities, that being ſucked in with the reſt by the infant, 


they quickly diſcriminate and diſcover themfelves by purging him. But of this ſubject 
more hereafter, 


Of Generation, Corruption, and Alteration. 


VIII. II. now remains, that we declare, what, according to the tenor of our hypotheſis, 


is to be meant by generation, corruption, and alteration; (three names that 
have very much puzzled and divided philoſophers). In order hereunto we may conſider, 
I. Tua there are in the world great ſtore of particles of matter, each of which is too 
ſmall to be, whilſt ſingle, ſenſible ; and being intire or undivided, muſt needs both 
have its determinate ſhape, and be very ſolid. Infomuch, that though it be mentally, 


and by divine Omnipetence diviſible, yet by reaſon of its ſmallneſs and ſolidity nature 


doth ſcarce ever actually divide it; and theſe may in this ſenſe be called i774 or. 
Prima naturalia. 
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2. Thar there are alſo multitudes of corpuſcles which are made up of the coalition 
of ſeveral of the former minima naturalia; and whoſe bulk is ſo ſmall and their adhe- 
fion ſo cloſe and ſtrict, that each of theſe little primitive concretions or cluſters (if I may 


ſo call them) of particles is ſingly below the diſcernment of ſenſe, and though not abſo- 


lutely indiviſible by nature into the prima naturalia that compoſed it, or perhaps into 


other little fragments, yet, for the reaſons freſhly intimated, they very rarely happen to 


be actually diſſolved or broken, but remain intire in great variety of ſenſible bodies, and 
under various forms or diſguiſes. As, not to repeat what we lately mentioned of the un- 
deſtroyed purging corpuſcles of milk, we ſee that even groſſer and more compounded 
corpuſcles may have ſuch a permanent texture: for quickſilver, for inſtance, may be 
turned into a red powder for a fuſible and malleable body, or a fugitive ſmoke, and diſ- 
guiſed I know not how many other ways, and yet remain true and recoverable mercury. 
And theſe are, as it were, the ſeeds or immediate principles of many ſorts of natural 
bodies, as earth, water, ſalt, &c. and thoſe ſingly inſenſible, become capable, when uni- 
ted, to affect the ſenſe : as I have tried, that if good camphire be kept a while in pure 


ſpirit of wine, it will thereby be reduced into ſuch little parts as totally to diſappear in the 


liquor, without making it look leſs clear than fair water; and yet, if into this mixture 
you pour a competent quantity of water, in a moment the ſcattered corpuſcles of the 


camphire will, by reuniting themſelves, become white, and conſequently viſible, as 
before their diſperſion. 


3. Thar as well each of the minima naturalia, as each of the primary cluſters above 
mentioned having its own determinate bulk and ſhape, when theſe come to adhere to 
one another, it muſt always happen that the ſize, and often that the figure of the 


corpuſcle compoſed by their juxta-poſition and coheſion, will be changed; and not ſel 
dom too, the motion either of the one or the other, or both, will receive a new tendency, 
or be altered as to its velocity or otherwiſe: and the like will happen when the cor- 
puſcles that compoſe a cluſter of particles are disjoined, or any thing of the little maſs 
is broken off. And whether any thing of matter be added to a corpuſcle or taken from 


it, in either caſe (as we juſt now intimated) the ſize of it muſt neceſſarily be altered, 


and for the moſt part the figure will be ſo too, whereby it will both acquire a congruity 
to the pores of ſome bodies (and perhaps ſome of our ſenſories) and become incon- 
gruous to thoſe of others; and conſequently be qualified, as I ſhall more fully ſhew 
8 hereafter, to operate on divers occaſions, much otherwiſe than it was fitted to do 

ore. en 

4. THaT when many of theſe inſenſible corpuſcles come to be aſſociated into one vi- 
ſible body, if many or moſt of them be put into motion, from what cauſe ſoever the mo- 
tion proceeds, that itſe}f may produce great changes and new qualities in the body they 
compoſe; for not only motion may perform much even when it makes not any viſible 


_ alteration in it, as air put into ſwift motion (as when it is blown out of bellows) acquires 


a new name, and 1s called Wind, and to the touch appears far colder than the ſame air 
not ſo formed into a ſtream ; and iron, by being briſkly rubbed againt wood or other 
iron, hath its ſmall parts ſo agitated as to appear hot to our ſenſe : but this motion 
oftentimes makes viſible alterations in the texture of the body into which it is re- 
ceived ; for always the moved parts ſtrive to communicate their motion, or ſomewhat 


of the degree of it, to ſome parts that were before either at reſt or otherwiſe moved, 
and oftentimes the fame moved parts do thereby either disjoin or break ſome of the 
,corpul-les they hit againſt, and thereby change their bulk or ſhape, or both, and either 


drive ſome of them quite out of the body, and perhaps lodge themſelves in their places, 
or elſe aſſociate them anew with others. Whence it uſually follows that the texture is 


.6 much 
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much altered, and eſpecially in that the pores or little intervals intercepted betwixt the 
component particles will be changed as to bigneſs or figure, or both, and ſo will ceaſe 
to be commenſurate to the * that were fit for them before, and become com- 


menſurate to ſuch corpuſcles of other ſizes and ſhapes, as till then were incongruous to 
them. Thus we fee that water, by loſing the wonted agitation of its parts, may ac- 
quire the firmneſs and brittleneſs we find 1n ice, and loſe much of the tranſparency it 
had whilſt it was a liquor. Thus alſo by very hard rubbing two pieces of reſinous 
wood againſt one another, we may make them throw out divers cf their looſer parts into 
ſteams and viſible ſmoke; and may, if the attrition be duly continued, make that 
commotion of the parts fo change the texture of the whole, as afterwards to turn the 
ſuperficial parts into a kind of coal. And thus milk, eſpecially in hot weather, will by 
the inteſtine, though languid motions of its parts, be in a ſhort time turned into a thinner 
ſort of liquor than milk, and into cream, and this (laſt named) will, by being barely 

itated in a churn, be turned in a ſhort time into that unctuous and conſiſtent body we 
call butter, and into thin, fluid, and ſour butter-milk. And thus (to diſpatch) by the 
bruiſing of fruit, the texture is commonly ſo changed, that, as we fee particularly in 
apples, the bruiſed part ſoon comes to be of another nature than the ſound part, the 
one differing from the other both in colour, taſte, ſmell, and conſiſtence. So that (as we 
have already inculcated) local motion hath, of all other affections of matter, the greateſt 
intereſt in the altering and modifying of it; ſince it is not only the grand agent or ef- 
ficient among ſecond caules, but is alſo ſometimes one of the principal things that 
conſtitutes the form of bodies. As when two ſticks are ſet on fire by long and vehe- 
ment attrition, local motion is not only that which kindles the wood, and ſo as an ef- 


ficient produces the fire, but is that which principally concurs to give the produced 


ſtream of ſhining matter, the name and nature of flame: and ſo it concurs alſo to con- 
ſtitute all fluid bodies. | 

g. Anp that ſince we have formerly ſeen that it is from the ſize, ſhape, and motion of 
the ſmall parts of matter and the texture that reſults from the manner of their being 
diſpoſed in any one body, that the colour, odour, taſte, and other qualities of that body 
are to be derived, it will be eaſy for us to recollect that ſuch changes cannot happen in 
a portion of matter without ſo much varying the nature of it, that we need not deride 
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the antient atomiſts for attempting to deduce the generation and corruption of bodies 


from the famed ovyxpiois , dd,, the convention and diſſolution, and the alterations of 
them, from the r ee of their (ſuppoſed) atoms. For though indeed nature is 
wont, in the changes ſhe makes among things corporeal, to imply all the three ways, as 
well in alterations as generations and corruptions; yet if they only meant, as probably 
enough they did that of the three ways propoſed, the firſt was wont to be the principal 
in the generation of bodies, the ſecond in the corruption, and the third in their altera- 
tions; I ſhall not much oppoſe this doctrine: though 1 take the local motion or tranſpo- 
ſition of parts in the ſame portion of matter to bear a great ſtroke as well in reference to 
generation and corruption, as to alteration: as we ſee when milk, or fleſh, or fruit, without 
any remarkable addition or loſs of parts, turns into maggots, or other inſects ; and as 
we may more conſpicuouſly obſerve in the precipitation of mercury, without addition, 
in the vitrification of metals, and other chymical experiments to be hereafter men- 
tioned. 

Tusk things premiſed, it will not now be difficult to compriſe in few words ſuch a 
doctrine touching the generation, corruption, and alteration of bodies as is ſuitable to our 
hypotheſis and the former diſcourſe. For if in a parcel of matter there happen to be 
produced (it imports not much how) a concurrence of all thoſe accidents (whether thoſe 
only or more) that men by tacit agreement have thought neceſſary and ſufficient 25 con- 

ume 


\ 
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ſtitute any one determinate ſpecies of things corporeal, then we ſay that a body be- 


longing to that ſpecies, as ſuppoſe a ſtone, or a metal, is generated or produced de novo: 
not that there is really any thing of ſubſtantial produced, but that thoſe parts of matter 
that did indeed before pre-exiſt, but were either ſcattered and ſhared among other bodies, 
or at leaſt otherwiſe diſpoſed of, are now brought together and diſpoſed of after the 
manner requiſite to entitle the body that reſults from them to a new denomination, and 
make it appertain to ſuch a determinate ſpecies of natural bodies, ſo that no new ſub- 
ſtance is in generation produced, but only that which was pre- exiſtent obtains a new 
modification or manner of exiſtence. Thus when the ſpring, and wheels, and ſtring, and 

balance, and index, Sc. neceſſary to a watch, which lay before ſcattered, ſome in one 


part, ſome in another of the artificer's ſhop, are firit ſet together in the order requiſite to 


make ſuch an engine, to ſhew how the time paſſes, a watch is ſaid to be made: not that 
any of the mentioned material parts is produced de novo, but that till then the divided 
matter was not ſo contrived and put together, as was requiſite to conſtitute ſuch a ng 
as we call a watch. And ſo when ſand and aſhes are well melted together and ſuffere 

to cool, there. is generated by the colliquation that fort of concretion we call glaſs, 
though it be evident that its ingredients were both pre-exiſtent, and do but by their aſ- 
ſociation obtain a new manner of exiſting together. And ſo when, by the churning of 
cream, butter and butter-milk are generated, we find not uy thing ſubſtantial produced 


| de novo in either of them, but only that the ſerum and the fat corpuſcles being put into 


local motion do, by their frequent occurſions, extricate themſelves from each other, 
and aſſociate themſelves in the new manner requiſite to conſtitute the bodies, whoſe 
names are given them. | | 

AND as a body is ſaid to be generated when it firft appears cloathed with all thoſe 
qualities, upon whoſe. account men have been pleaſed to call ſome bodies ſtones ; © 
others, metals; others, ſalts, Fc. ſo when a body comes to loſe all or any of thoſe acci- 
dents that are eſſential and neceſſary to the conſtituting of ſuch a body, it is then ſaid to 
be corrupted or deſtroyed, and is no more a body of that kind, but loſes its title to its 
former denomination. Not that any thing cerporeal or ſubſtantial periſhes in this change, 
but only that the eſſential modification of the matter is deſtroyed : and though the body 
be ſtill a body (no natural agent being able to annihilate matter) yet it is no longer ſuch 
a body as it was before, but periſheth in the capacity of a body of that kind. Thus, if a 
ſtone, falling upon a watch, break it to pieces, as, when the watch was made, there 
was no new ſubſtance produced, all the material parts (as the ſteel, braſs, ſtring, Sc.) 


being pre-exiſtent ſomewhere or other (as in iron and copper-mines, in the bellies of thoſe 


animals of whoſe guts men uſe to make ſtrings) ; ſo not the leaſt part of the ſubſtance 


of the watch is loſt, but only diſplaced and ſcattered ; and yet that portion of matter 
ceaſes to be a watch as it was before. And fo (to reſume our late example) when cream 
is by churning turned into butter, and a ſerous liquor, the parts of the milk remain aſ- 


ſociated into thoſe new bodies, but the white liquor periſheth in the capacity of milk. 
And, ſo when ice comes to be thawed in exaQly-cloſed veſſels, though the corruption 
be produced only (for aught appears) by introducing a new motion and diſpoſition into 
the parts-of the frozen water, yet it thereupon ceaſes to be ice, however it be as much 
water, and conſequently as much a body as before it was frozen or thawed. Theſe and 


the like examples may teach us rightly to underſtand that common axiom of naturaliſts, 
Corruptio unius <8 geucratio alterius; & @ contra : for ſince it is acknowledged on all 


hands that matter cannot be annihilated, and ſince it appears by what we have ſaid 


above, that there are ſome properties, namely, ſize, ſhape, motion (or, in its abſence, 
reſt) that are inſeparable from the actual parts of matter; and fince alſo the coalition 
of any competent number of theſe parts is ſufficient to conſtitute a natural body en- 


dowed 
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dowed with divers ſenſible qualities, it can ſcarce be otherwiſe, but that the ſame 
agents that ſhatter the frame, or deſtroy the texture of one body, will, by ſhuffling 
them together, and diſpoſing them after a new manner, bring them to conſtitute 


ſome new ſort of bodies: as the ſame thing that by burning deſtroys wood, turns 


it into flame, ſoot, and aſhes. Only I doubt whether the axiom do generally 
hold true, if it be, meant, that every corruption muſt end in the generation of 
a body belonging to ſome particular ſpecies of things, unleſs we take powders 
and fluid bodies indefinitely for ſpecies of natural bodies ; ſince it is plain there 
are multitudes of vegetables and other concretions, which, when they rot, do 
not, as ſome others do, turn into worms, but either into ſome ſlimy or watery ſub- 
ſtance, or elſe (which is the moſt uſual) they crumble into a kind of duſt or powder, 
which, though looked upon as being the earth into which rotten bodies are at length 
reſolved, is very far from being of an elementary nature, but as yet a compounded 
body, retaining ſome if not many qualities, which often makes the duſt of one fort of 
plant or animal differ much from that of another. And this will ſupply me with this ar- 
gument ad bominem, viz. That ſince in thoſe violent corruptions of bodies that are made 
by outward agents, ſhattering them into pieces, if the axiom hold true, the new bodies 
emergent upon the diſſolution of the former muſt be really natural bodies (as indeed 
divers of the moderns hold them to be) and generated according to the courſe of na- 
ture; as when wood is deſtroyed by fire, and turned partly into flame, partly into ſoot, 
partly into coals, and partly into aſhes, I hope we may be allowed to conclude, that 
thoſe chymical productions, which ſo many would have to be bur factitious bodies, are 
natural ones, and regularly generated. For it being the ſame agent, the fire that ope- 


rates upon bodies, whether they be expoſed to it in cloſe glaſſes or in chimnies, I ice 
no ſufficient reaſon why the chymical oils and volatile ſalts, and other things, which 
Spagyrites obtain from mixed bodies, ſhould not be accounted natural bodies, as well 
as the ſoot and aſhes, and charcoal, that by the ſame fire are obtained from kindled 
wood. 1 

Bur before we paſs away from the mention of the corruption of bodies, I muſt take 
ſome notice of what is called their putrefaction. This is but a peculiar kind of corrup- 


tion, wrought ſlowly (whereby it may be diſtinguiſhed from deſtruction by fire and 


other nimble agents) in bodies: it happens to them for the moſt part by means of the 
air or ſome other ambient fluid, which, by penetrating into the pores of the body, and 
by its agitation in them, doth uſually call out ſome of the more agile and leſs intangled 
parts of the body, and doth almoſt ever looſen and diſlocate the parts in general, and 
thereby ſo change the texture, and perhaps too the figure, of the corpuſcles that compoſe 
it, that the body thus changed a qualities unſuitable to its former nature, and 
tor the moſt part offenſive to our ſenſes, eſpecially of ſmelling and tafting : which laſt 
clauſe I therefore add, not only becauſe the vulgar look not upon the change of an egg 
into a chick as a corruption, but as a perfection of the egg; but becauſe alſo I think it 
not improbable, that if by ſuch ſlow changes of bodies as make them loſe their former 
nature, and might otherwiſe paſs for putrefaction, many bodies ſhould acquire better 
{cents or taſtes than before ; or if nature, cuſtom, or any other cauſe, ſhould much alter 
the texture of our organs of taſting and ſmelling, it would not perhaps be to well agreed 
on what ſhould be called n den as that imports an impairing alteration, but men 
would find ſome favourabler notion for ſuch changes. For I obſerve that medlars, thougli 
they acquire in length of time ſuch a colour and ſoftneſs as rotten apples and other pu- 
tretied fruits do, yet, becauſe their taſte is not then harſh as before, we call that ripe- 
neſs in them, which otherwiſe we ſhould call rottenneſs. And though, upon the death 
of a four-footed beaſt, we generally call that change which happens to the fleth or 
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to the fleſh- and other ſofter parts of that animal (whet 


An Excurfon about the relative 


blood putrefaction, yet we paſs a more favourable * upon that which happens 
her it be a kind of large rabbets 
or very ſmall and hornleſs deer) of which in China and in the Levant they make muſk , 
becaule, by the change that enſues the animal's death, the fleſh acquires not an odious 
but a grateful ſmell. And we ſee that ſome men, whoſe appetites are gratified 
rotten cheeſe, think it then not to have „ e but to have attained its 
ſtate, when having loſt its former colour, ſmell, and taſte, and, which is more, _ 
in great part turned into thoſe inſects called mites, it is both in a philoſophical ſenſe 
corrupted, and in the eſtimate of the generality of men grown putrid. But becauſe it 
very ſeldom happens that a body by generation acquires no other qualities than juſt 
thoſe that are abſolutely neceſſary to make it belong to the ſpecies that denominates 
it; therefore in moſt bodies there are divers other qualities that may be there, or may 
be miſſing, without eſſentially changing the ſubject: as water may be clear or muddy, 
odorous or ſtinking, and fill remain water; and butter may be white or yellow, {weet, 
or rancid, conſiſtent or melted, and ftill be called butter. Now therefore, whenſoever 
a parcel of matter does acquire or loſe a quality that 1s not effential to it, that acqui- 
ſition or loſs is diſtin&ly called alteration (or by ſome, mutation): the acqueſt only of 
the qualities that are abſolutely neceſſary to conſtitute its eſſential and ſpecifical dif- 
ference, or the loſs of any of thoſe qualities, being ſuch a change as mult not be called 
mere alteration, but have the particular name of generation or corruption ; both which, 


according to this doctrine, appear to be but ſeveral kinds of alteration taken in a large 


ſenſe, though they are diſtinguiſhed from it in a more ſtrict and limited acceptation of 
that term. 

Ap here we have a fair occaſion to take notice of the fruitfulneſs and extent of our 
mechanical hypotheſis: for ſince, according to our doctrine, the world we live in is not a 
moveleſs or indigeſted maſs of matter, but an *Awrouaroy, or ſelf-moving engine, wherein 
the greateſt part of the common matter of all bodies is always (though not ſtill the ſame 
parts of it) in motion, and wherein bodies are fo cloſe ſet by one another, that (unleſs in 
ſome very few and extraordinary and as it were preternatural caſes) they have either no 
vacuities betwixt them, or only here and there interpoſed and very ſmall ones: and ſince, 
according to us, the various manner of the coalition of ſeveral corpuſcles into one viſible 
body is enough to give them a peculiar texture, and thereby fit them to exhibit divers 
ſenſible qualities, and to become a body, ſometimes of one denomination, and ſome- 
times of another ; it will very naturally follow, that from the various occurſions of 
thoſe innumerable ſwarms of little bodies that are moved to and fro in the world, there 
will be many fitted to ſtick to one another, and to compoſe concretions ; and many 
(though not in the ſelf- ſame place) disjoined from one another and agitated apart; and 
multitudes alſo that will be driven to aſſociate themſelves, now with one body, and pre- 
ſently with another. And if we alſo conſider on the one ſide, that the ſizes of the 
ſmall particles of matter may be very various, their figures almoſt innumerable; and that 
if a parcel of matter do but happen to ſtick to one body, it may chance to give it a new 
quality, and if it adhere to another, or hit againſt ſome of its parts, it may conſtitute a 
body of another kind; or if a parcel of matter be knocked off from another, it may 
barely by that leave it, and become itſelf of another nature than before: if, I ſay, we 
conſider theſe things on the one ſide, and on the other fide, that (to uſe Lucretius's 
compariſon) all that innumerable multitude of words that are contained in all the lan- 
guages of the world are made of the various combinations of ſome of the twenty-four 
letters of the alphabet, it will not be hard to conceive that there may be an incompre- 
henſible variety of aſſociations and textures of the minute parts of bodies, and conſe- 


quently a vaſt multitude of portions of matter endowed with ſtore enough of differing 


qualities 
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qualities to deſerve diſtinct appellations ; though for want of heedfulneſs and fit words 
men have not yet taken ſo much notice of their leſs obvious varieties as to ſort them as 
they deſerve, and give them diſtinct and proper names. So that though I would not ſay 
that any thing can immediately be made of every thing, as a gold-ring of a wedge of 
gold, or oil or fire of water; yet ſince bodies having but one common matter can be 
ifferenced but by accidents, which ſeem all of them to be the effects and conſequents 
of local motion, I fee not why it ſhould be abſurd to think that (at leaſt among ina- 
nimate bodies) by the intervention of ſome very ſmall addition or ſubtraftion of matter 
(which yet in moſt caſes will ſcarce be needed) and of an orderly ſeries of alterations, 
diſpoſing by degrees the matter to be tranſmuted, almoſt of any thing, may at length 
be made-any thing : as, though out of a wedge of gold one cannot immediately make 
a ring, yet by either wire-drawing that wedge by degrees, or by melting it, and caſting 
a little of it into a mould, that thing may eaſily be effected. And * water 
cannot immediately be tranſmuted into oil, and much leſs into fire; yet if you 
nouriſh certain plants with water alone (as I have done) till they have aſſimilated a 
great quantity of water into their own nature, you may, by committing this tranſmuted 
water (which you may diſtinguiſh and ſeparate from that part of the vegetable you firſt 
put in) to diſtillation in convenient — obtain, beſides other things, a true oil, and 
a black combuſtible coal (and conſequently fire); both of which may be ſo copious 
as to leave no juſt cauſe to ſuſpect that they could be any thing near afforded by any 
little ſpirituous parts, which may be preſumed to have been communicated by that 
part of the vegetable that is firſt put into the water, to that far greater part of it which 
was committed to diſtillation. 
Bur, Pyrophilus, I perceive the difficulty and fruitfulneſs of my ſubject have made 
me ſo much more prolix than I intended, that it_will not now be amiſs to contract the 
ſummary of our hypotheſis, and give you the main points of it with little or no illuſ- 
tration, and without particular proofs, in a few words. We teach then (but without 
peremptorily aſſerting it) by 

1. THAT the matter of all natural bodies is the ſame ; namely, a ſubſtance, extended 
and impenetrable. — | | 

2. THarT all bodies thus agreeing in the ſame common matter, their diſtinction is to 
be taken from thoſe accidents that do diverſify it. 

3. Tnar motion, not belonging to the eſſence of matter (which retains its whole 
nature when it is at reſt) and not being originally producible by other accidents, as 
they are, from it, may be looked upon as the firſt and chief mood or affection of 
matter. | 
4. THaT motion, variouſly determined, doth naturally divide the matter it belongs 
to into actual fragments of parts; and this diviſion, obvious experience (and more 
eminently chymical operations) manifeſt to have been made into parts exceedingly 
minute, and very often too minute to be ſingly perceivable by our ſenſes. 

5. WHENCE it muſt neceſſarily follow, that each of theſe minute parts or minima nal u- 
ralia (as well as every particular body made up by the coalition of any number of 
them) muſt have its determinate bigneſs or ſize, and its own ſhape. And tbeſe three, 
namely, bulk, figure, and either motion or reſt (there being no mean between theſe 
two) are the three primary and moſt catholick moods or affections of the inſenſible parts 
of matter, conſidered each of them aparr. 

6. TyaT when divers of them are conſidered together, there will neceſſarily fol- 
low here below both a certain poſition of poſture in reference to the horizon (as erected, 
inclining, or level) of each of them, and a certain order or placing before or behind, 
or beſides one another; as when in a * of ſoldiers, one ſtands upright, 229 
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other ſtoops, the other lies along upon the ground, they have various poſtures ; and 
their bein 3 laced beſides one n ranks, and behind one another in files, are 
varieties of their order : and when many of theſe ſmall parts are brought to convene into- 
one body from their primary affections, and their diſpoſition or contrivance as to poſture 
and order, there reſults that which by one comprehenſive name we call the texture of 
that body. And indeed theſe ſeveral kinds of location (to borrow a ſcholaſtical term) 
attributed in this ſixth number to the minute particles of bodies, are ſo near of kin that 
they ſeem all of them referable to (that one event of their convening) ſituation or poſi- 
tion. And theſe are the affections that belong to a. body, as it is conſidered in itſelf, 
without relation to ſenſitive beings or to other animal bodies. 

7. Tnar yet there being men in the world whoſe organs of ſenſe are contrived in ſuch 
differing ways, that one ſenſory is fitted to receive impreſſions from ſome, and another 
from other ſorts of external objects or bodies without them (whether theſe act as intire 
bodies, or by emiſſion of their corpuſcles, or by propagating ſome motion to the ſenſory) 


the perceptions of theſe impreſſions are by men called by ſeveral names, as heat, colour, 


found, odour ; and are commonly imagined to proceed from certain diſtinct and peculiar 
qualities in the external objects which have ſome reſemblance to the ideas their action 
upon the ſenſes excites in the mind; though indeed all theſe ſenfible qualities, and the 
reſt that are to be met with in the bodies without us, are but the effects or confe- - 
quents of the above-mentioned primary affections of matter, whoſe operations are di- 
verſified according to the nature of the ſenfories or other bodies they work upon. 

8. TnaT when a portion of matter, either by the acceſſion or receſs of corpuſcles, or 
by the tranſpoſition of thoſe it conſiſted of before, or by any two, or all of theſe ways, 
happens to obtain a concurrence of all thoſe qualities which men commonly agree to be 
neceſſary and ſufficient to denominate the body which hath them, either a metal or a 
ſtone, or the like, and to rank it in any peculiar and determinate ſpecies of bodies, then - 
a body of that denomination is ſaid to be generated. 

9. Tuis convention of eſſential accidents being taken (not any of them apart, but all) 
together for the ſpecifical difference that conſtitutes the body and diſcriminates it from 
all other ſorts of bodies, is by one name, becauſe conſidered as one collective thing, 
called its form (as beauty, which is made up of ſymmetry of parts and agreeableneſs of 
colours) which is conſequently but a certain character (as I ſometimes call it) or a pe- 
cular ſtate of matter, or, if I may ſo name it, an eſſential modification: a modification, 
becauſe it is indeed but a determinate manner of exiſtence of the matter, and yet an 
eſſential modification, becauſe that though the concurrent qualities be but accidental 
to matter (which with others inſtead of them, would be matter. ſtill) yet they are 
efſentially neceſſary to the particular body, which without thoſe accidents would not 
be a body of that denomination, as a metal or a ftone, but of ſome other. 

10. Now a body being capable of many other qualities beſides thoſe whoſe conven- 
tion is neceſſary to make up its form, the acquiſition or loſs of any ſuch quality is by 
naturaliſts, in the more ſtrict ſenſe of that term, named alteration : as when oil comes 
to be frozen, or to change colour, or to grow rancid ; but if all or any of the qualities 
that are reputed eſſential to ſuch a body come to be loſt or deſtroyed, that notable 
change is called corruption. As when oil being boiled takes fire, the oil is not ſaid 
to be altered in the former fenſe, but corrupted or deſtroyed, and the emergent fire 
generated; and when it ſo happens that the body is ſlowly corrupted, and thereby alſo 
acquires qualities offenſive to our ſenſes, eſpecially of ſmell and taſte (as when fleſh 
or fruit grows rotten) that kind of corruption 1s by a more particular name called 
putrefaction. But neither in this nor in any other kind of corruption is there any 
thing ſubſtantial deſtroyed (no ſuch thing having been produced in generation, and 
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matter itſelf being on all hands acknowledged incorruptible) but only that ſpecial 
connexion of the parts or manner of their co-exiſtence, upon whoſe account the matter 
(whilſt it was in its former ſtate) was, and was called a ſtone, or a metal, or did be- 
long to any other determinate ſpecies of bodies. 


R N 


E IM 2 


OF. T. H. Bc. 


O:R I G. LN AN D D OC TRTILN E. 


O F 
Ds T ANT I AI. FON M8. 


As it is wont to be taught by the PE RIPATETIC EKS. 


tural philoſophy : and, I confeſs, it is one of the things that has invited me to look 
about for ſome more ſatisfactory account than the ſchools uſually give of this matter, 
that I have obſerved that the wiſeſt that have buſied themſelves in explicating forms 
according to the Peripatetick notions of them, have either knowingly confeſſed them- 


ſelves unable to explain them, or unwittingly. proved themſelves to be ſo, by giving 


but unſatisfactory explications of them. 
Ir will not, I preſume, be expected that I, who now write but notes, ſhould enume- 


rate, much leſs examine, all the various opinions touching the origin and nature of forms; 


it being enough for our purpoſe, if, having already intimated in our hypotheſis what, 
according to that, may be thought of this ſubject, we now briefly conſider the general 
opinion of our modern Ariſtotelians and the ſchools concerning it; I ſay, the modern 
Ariſtotelians, becauſe divers of the ancient, eſpecially Greek commentators of Ariſtotle, 
ſet m to have underſtood their maſter's doctrine of forms much otherwiſe, and leſs in- 


congruouſly, than his Latin tollowers, the ſchoolmen and others, have ſince done. Nor 


* Formarum cognitio eft rudis, confuſa, nec nifi per T*117eot1ts ; negue verum eft, forme ſubſtantialis 
ſpeciem recipi in intelleFum, non enim in ſenſu uſquam fuit. J. C. Scalig. | 

Forme ſubſtantiales ſunt incognitæ nobis, quia inſenſebiles : ideo per qualitates, que ſunt princifia immediat a 
tranſmutationis, exprimuntur. Aquinas ad 1. de degenerat. & corrupt. 

In hac bumanæ mentis caligine a&que forma ignis ac magnetis nobis ignota t. Sennertus. 


HE origin of forms, Pyrophilus, as it is thought the nobleſt, ſo, if I miſtaxe 
not, it hath been found one of the moſt * perplexed enquiries that belong to na- 
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do I expreſly mention Ariſtotle himſelf among: the champions of ſubſtantial forms, 
becauſe though he ſeems in a place or two expreſly enough to reckon forms among ſub- 
ſtances, yet elſewhere the examples he employs to ſet forth the forms of natural things 
by, being taken from the figures of artificial things (as of a ſtatue, | &c.) which are 
confeſſedly but accidents, and making very little uſe, if any, of ſubſtantial forms to 
explain the phznomena of nature, he ſeems to me upon the whole matter either to 
have been irreſolved whether there were any ſuch ſubſtances or no, or to ſpeak ambi- 
guouſly and obſcurely enough of them, to make it queſtionable what his opinions of 
them were. | 
| Bur the ſum of the controverſy betwixt us and the ſchools is this, whether or no the 
forms of natural things (the ſouls of men always excepted) be in generation educed, as 
| they ſpeak, out cf thg power of the matter, and whether theſe forms be true ſubſtantial 
| | | entities, diſtin& from the other ſubſtantial principle of natural bodies, namely matter. 

Tux reaſons that move me to embrace the negative are principally theſe three: firſt, 
that I ſee no neceſſity of admitting in natural things any ſuch ſubſtantial forms; matter, 
| and the accidents of matter, being ſufficient to explicate as much of the phænomena of 
Il nature as we either do or are like to underſtand, The next, that Lſee not what uſe 
| this puzzling doctrine of ſubſtantial forms is of in natural philoſophy ; the acute Sca- 
{| liger, and thoſe that have moſt buſied themſelves in the indagation of them, having 
freely acknowledged (as the more candid of the Peripateticks generally do) that the 
4 true knowledge of forms is too difficult and abſtruſe to be attained by them. And 
. | how like it is, that particular phænomena will be explained by a principle whoſe na- 
1 ture is confeſſedly ignored, I leave you to judge. But becauſe to theſe conſiderations 
'T often have had, and ſhall have here and there, occaſion to ſay ſomething in the body 
of theſe notes, I ſhall at preſent inſiſt upon the third ; which is, that I cannot con- 
| ceive neither how the forms can be generated, as the Peripateticks would have it, nor 
. how the things they aſcribe to them are conſiſtent with the principles of true philoſophy, 
1 or even with what themſelves otherwiſe teach. 

Tn manner how forms are educed out of the power of the matter, according to that 
* art of the doctrine of forms wherein the ſchools generally enough agree, is a thing 
ö ſo inexplicable, that I wonder not it hath put acute men upon ſeveral hypotheſes to 
make it out. And indeed the number of theſe is of late grown too great to be fit to 
be here recited, eſpecially ſince I find them all fo very unſatisfactory, that I cannot but 
think the acute ſticklers for any of them are rather driven to embrace it by the pal- 
pable inconveniences of the ways they reject, than by any thing they find to ſatisf: 
them in that which they make choice of: and for my part I confeſs I find fo muc 
reaſon in what each party ſays againſt the explications of the reſt, that I think they 
all confute well, and none does well eſtabliſh. 


[ 
| | 
| | Bur my preſent way of writing forbidding me to inſiſt on many arguments againſt 
| 
| 
| 
| 


the doctrine wherein they moſt agree, I ſhall only urge that which I confeſs chiefly 
ſticks with me, namely, that I find it not comprehenſible. 
I xnow the modern ſchoolmen fly here to their wontgd refuge of an obſcure diſtinc- 
tion, and tell us, that the power of matter in reference to forms 1s partly eductive, as the 
agent can make the form out of it; and partly receptive, whereby it can receive the 
form ſo made. But ſince thoſe that ſay this will not allow that the form of a gene- 
rated body was not actually pre-exiſtent in its matter, or indeed any-where elſe; it is 
hard to conceive how a ſubſtance can be educed out of another ſubſtance totally diſ- 
inct in nature from it, without being before ſuch eduction actually exiſtent in it. 
And as for the receptive power of the matter, that but fitting it to receive or lodge a 
form when brought to be united with it, how can it be intelligibly made out to can- 
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tribute to the production of a new ſubſtance of a quite differing nature from that 
matter, though it harbours it when produced ? And it is plain that the human body 
hath a receptive power in reference to the human ſoul, which yet themſelves confets 
both to be a ſubſtantial form, and not to be educed out of the power of matter. - In- 
deed if they would admit the form of a natural body to be but a more fine and ſub- 
tile part of the matter, as ſpirit of wine is of wine, which upon its receſs remains no 
longer wine, but phlegm or vinegar, then the eductive power of matter might ſignify 
ſomething : and fo it might, if with us they would allow the form to be but a modi- 
fication of the matter; for then it would import, that the matter may be ſo or- 
dered or diſpoſed by fit agents as to conſtitute a body of ſuch a fort and denomination : 
and fo (to reſume that example) the form of a ſphere may be ſaid to lurk potentially 


in a piece of braſs, inaſmuch as that braſs may by caſting, turning, or otherwiſe, be fo - 


figured as to become a ſphere. But this they. will not admit *Teſt they ſhould make 


>” 


forms to be but accidents, though it is, for aught I know, as little intelligible how what 
is educed out of any matter, without being either pre-exiſtent, or being any part of the 


matter, can be a true ſubſtance, as how that roundneſs that makes a piece of braſs be- 


come a ſphere, can be a new ſubſtance in it. Nor can they admit the other way of 
educing a form out of matter as ſpirit is out of wine, becauſe then not only matter will 
be. corruptible againſt their grounds, but matter and form would. not be two differing 
and ſubſtantial principles, but one and the ſame, though diverſified by firmneſs, groſſ- 


neſs, &c. which are but accidental differences. I know they ſpeak much of the effi- 


cacy of the agent upon the matter in the generation of natural bodies, and tell us ſtrange 
things of his manner of working. But not.to ſpend time in examining thoſe ob- 
{cure niceties, I anſwer in ſhort, that ſince the agent, be he. what he will, is but a phy- 
ſical and finite agent, and ſince what way ſoever he works he can do nothing repug- 
nant to the nature of things, the difficulty that ſticks with me will ſtill remain. For if 
the form produced in generation be, as they would have it, a ſubſtance that was not 
before to be found any where out of that portion of matter wherewith it conſtitutes the 
generated body; I ſay, that either it muſt be produced by refining or ſubtiliating ſome 
parts of the matter into form, or elſe it muſt be. produced out of nothing, that is, crea- 


ted (for 1 ſee no third way how a ſubſtance can be produced de novo). If they allow. 


the firſt, then will the form be indeed a ſubſtance, but not, as they hold it is, diſtinct 
from matter; ſince. matter, however ſubtiliated, is matter ſtill, as the fineſt ſpirit of 
wine is as truly a body. as was the wine itſelf that yielded it, or as is the groſſer phlegm 
from which it was extracted: beſides that, the Peripateticks teach that the form is not 
made of any thing of the matter; nor indeed is it conceivable how a phyſical agent 
gan turn a material into an immaterial ſubſtance, eſpecially matter being, as they them- 
ſelves confeſs, as well incorruptible as ingenerable. But if they will not allow, as in- 

deed they do not, that the ſubſtantial form is made of any thing that is material, they 
mult give me leave to believe that it is produced out of nothing, till they ſhew me 
how a ſubſtance can. be produced otherwiſe. that exiſted no- where. before. And at this 
rate every natural body of a ſpecial denomination, as gold, marble, nitre, &c. muſt not 


be produced barely by. generation, but partly by generation and partly by creation. 


And fince it is confeſſed on all ſides that no natural agent can produce the leaſt atom 


of matter, it is ſtrange they ſhould in generation allow every phyſical agent the power 


of producing a form, which, according to them, is not only a ſubſtance but a far nobler 
one than matter; and thereby attribute to the meaneſt creatures that power of creat- 
ing ſubſtances which the ancient naturaliſts thought too great to be aſcribed to God 


* 


himſelf, and which indeed is too great to be aſcribed to any other than him. And there- 


tore ſome ſchoolmen and philoſophers have derived forms immediately from God; but 
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is not only to deſert Ariſtotle and the Peripatetick philoſophy they would ſeem to 


maintain, but to put Omnipotence —_ working 1 know not how many thouſand 


miracles every hour to perform that (I mean the generation of bodies of new deno- 
minations) in a ſupernatural way, which ſeems the moſt familiar effect of nature in her 
ordinary courſe. | 5 

AND as the production of forms out of the power of matter is for theſe reaſons in- 
comprehenſible to me ; ſo thoſe things which the Peripateticks aſcribe to their ſub- 
ſtantial forms are ſome of them ſuch as I confeſs I cannot reconcile my reaſon to : 
for they tell us poſitively that theſe forms are ſubſtances, and yet at the ſame time 
they teach that they depend upon matter both in eri and in efſe, as they ſpeak ; ſo 
that out of the matter that ſupports them they cannot ſo much as exiſt (whence they 
are uſually called material forms) which is to make them ſubſtances in name, and bur 
accidents in truth. For not to aſk how (among phyſical things) one ſubſtance can be 
ſaid to depend upon another in fieri that is not made of any part of it, the very notion 
of a ſubſtance is to be a ſelf-ſubliſting entity, or that which needs no other created 
being to ſupport it or to make it exiſt, Beſides that, there being but two forts of ſub- 
ſtances, material and immaterial, a ſubſtantial form muſt appertain to one of the two, 
and yet they aſcribe things to it that make it very unfit to be referred to either. To 
all this I add, that theſe imaginary material forms do almoſt as much trouble the doc- 
trine of corruption as that of generation : for if a form be a true ſubſtance really diſ- 
tinct from matter, it muſt, as I lately noted, be able to exiſt of itſelf without any other 
ſubſtance to ſupport it; as thoſe I reaſon with confeſs that the ſoul of man ſurvives the 
body it did before death inform : whereas they will have it that in corruption the form 
is quite aboliſhed and utterly periſhes, as not being capable of exiſting, ſeparated from 
the matter whereunto it was united. So that here again what they call a ſubſtance 
they make indeed an accident, and beſides contradict their own vulgar doctrine, that 
natural things are upon their corruption reſolved into the firſt matter; ſince, at this 
rate they ſhould ſay, that ſuch things are but partly reſolved into the firſt matter, and 
partly either into nothing, orãnto forms, which, being as well immaterial as the ſouls of 
men, muſt, for aught appears, be alſo, like them, accounted immortal. 

I sHoULD now examine thoſe arguments that are wont to be employed by the ſchools 
ro evince their ſubſtantial forms ; but, beſides that the nature and ſcope of my preſent 
work enjoins me brevity, I confeſs that, one or two excepted, the arguments I have 
found mentioned as the chief, are rather metaphyſical or logical, than grounded upon 
the principles and phænomena of nature, and reſpect rather words than things; and 
therefore I, who have neither inclination nor leiſure to wrangle about terms, ſhall 
content myſelf to propoſe, and very briefly anſwer, two or three of thoſe that are thought 


the plauſibleſt. 


Fig s then they thus argue, omne compaſitum ſubſtantiale (for it is hard to Engliſh 
well tuch uncouth terms) requirit materiam & formam ſubſtantialem, ex quibus compo- 
natur. Onne corpus naturale eſt compoſitum ſubſtantiale : ergo, &c. In this ſyllogiſm 
{ome do plauſibly enough deny the conſequence, but for brevity*s fake I ſhall rather 


ch ſe to deny the minor, and deſire the propoſers to prove it. For I know not any 


thing in nature that is compoſed of matter, and a ſubſtance diſtinct from matter, ex- 
cept man, who alone is made up of an immaterial form and a human body: and if it 
be properly ſaid to be compaſita ſubſtantialia, I ſhall, rather than wrangle with them, 
give them leave to find out ſome other name for other natural things. 

Bor then they argue, in the next place, that if there were no ſubſtantial forms, all 
bodies would be but entia per accidens, as they ſpezk ; which is abſurd. To which I 
anſwer, that in the notion that divers learned men have of an ens per accidens, namely 


tha, 


of Subſtantial Forms. 


that it is that which conſiſts of thoſe things que non ordinantur ad unum, it may be 
faid, that though we do not admit ſubſtantial forms, yet we need not admit natural 
bodies to be entia per accidens; becauſe in them the {ſeveral things that concur to 
conſtitute the body, as matter, ſhape, ſituation, and motion, or dinantur per ſe & in- 
trinſicè to conſtitute one natural body. But if this anſwer ſatisfy not, I ſhall add, that 
for my part that which I am ſolicitous about is, that what nature hath made things to 
be in themſelves, not what, logician or metaphyſician will call them in the terms of 
his art ; it being much fitter in my judgment to alter words, that they may better fit the 
nature of things, than to affix a wrong nature to things that they may be acommodated 
to forms or words that were robably deviſed, when the things themſelves were not 
known or well underſtood, if at all thought on. | 

WHEeREFORET ſhall but add one argument more of this ſort ; and that is, that if there 
were no ſubſtantial forms, neither could there be any ſubſtantial definitions; but the 
conſequent is abſurd, and therefore ſo is the antecedent. To which I reply, that ſince 
the Peripateticks themſelves confeſs the forms of bodies to be of themſelves unknown; 
all that this argument ſeems to me to conclude is but this, that if we do not admir 
ſome things that are not in rerum naturd, we cannot build our definitions upon them: 
nor indeed. could we, if we ſhould admit ſubſtantial forms, give ſubſtantial definitions 
of natural things, unleſs we could alſo define natural bodies by things that we know 
not; for ſuch * the ſubſtantial forms are (as we have ſeen already) confeſied to be by 
the wiſeſt Peripateticks, who pretend not to give the ſubſtantial definition of any 
natural compgſitum, except man. But it may ſuffice us to have, inſtead of ſubſtantial, 
eſſential definitions of things; I mean ſuch as are taken from the eſſential differences of 
things, which conſtitute them in ſuch a ſort of natural bodies, and diſcriminate them 
from all thoſe of any other ſort. 

THrtst three arguments, Pyrophilus, for ſubſtantial forms, you may poſſibly, as well 
as I, find variouſly propoſed, and perhaps with ſome light alterations multiplied in the 
writings of the Peripateticks and ſchoolmen; but all the arguments of this kind that I 
have met with, may, if I miſtake not, be ſufficiently ſolved by the anſwers we have 
given to thee, or at leaſt by the grounds upon which thoſe anſwers are built; thoſe 
ſeemingly various arguments agreeing in this, that either they reſpect racher 
words than things, or that they are grounded upon precarious ſuppoſitions; or laſtly 
that they urge that as an abſurdity, which, whether it be one or not 1n thoſe thar 
admit the Peripatetick philoſophy, to me, that do as little acquieſce in many of their 
other principles as I do in their ſubſtantial forms, doth not appear any abſurdity at all. 
And it is perhaps for fear that arguments of this ſort ſhouid not much prevail with na- 
turaliſts, that ſome of the modern aſſertors of the forms we queſtion have thought it 
requiſite to add ſome more phyſical arguments, which (though I have not found them 
all in the ſame writers, yet) being in all but few, I ſhall here briefly conſider them. 

FrzxsT then, among the phyſical arguments that are brought to prove fubltantial 
forms, I find that the moſt confidently inſiſted on, which is taken from the ipontaneous 
return of heated water to coldneſs; which effects, ſay they, muſt neceſſarily be atcrivecd 
to the action of the ſubſtantial form whoſe office it is to preſerve the body in its natural 
ſtate, and when there is occaſion to reduce it thereunto : and the argument indeed 
might be plauſible, if we were ſure that heated water would grow cold again {withour 
the avolation of any parts more agitated than the reſt) ſuppoſing it to be removed into 
ſome of the imaginary ſpaces beyond the world; but as the caſe is, I fee nd neceſſity of 


flying to a ſubſtantial form, the matter ſeeming to be eaſtiy explicable othersiſe. Ihe 
* Nego tibi ullam effe for mam nobis notam lend & {ane, noſcramęue , ſcieutiam et wneram ft /oig IB | g. 
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An Examen of the Origin and Doctrine 


water we heat is ſurrounded with our air, or with ſome veſſel, or other body contiguous 
to the air, and both the air and the water in theſe climates are moſt commonly leſs 
agitated than the juices in our hands, or other organs of touching, which makes us 
elteem and call thoſe fluids cold. Now when the water is expoſed to the fire, it is 
thereby put into a new agitation more vehement than that of the parts of our ſenſory, 
which you will eaſily grant, if you conſider that when the heat is intenſe it makes the 
water boil and ſmoke, and oftentimes run over the veſſel ; but when the liquor is re- 
moved from the fire, this acquired agitation muſt needs by degrees be loſt, either by the 
avolation of ſuch fiery corpuſcles as the Epicureans imagine to be got into heated 
water, or by the water's communicating the agitation of its parts to the contiguous air, 
or to the veſſel that contains it, till it have loſt its ſurpluſage of motion, or by the in- 
greſs of thoſe frigorifick atoms, wherewith (if any ſuch be to be granted) the air in 
theſe climates is wont to abound, and fo be reduced into its former temperature: 
which may as well be done without a ſubſtantial form, as if a ſhip ſwimming flowly 
down a river ſhould by a ſudden guſt of wind, blowing the ſame way the ſtream runs, 
be driven on much faſter than before, the veſſel upon the ceaſing of the wind may, 
without any ſuch internal principle, return after a while to its former ſlowneſs of mo- 
tion. So that in this phænomenon we need not have recourſe to an internal principle, 
the temperature of the external air being ſufficient to give an account of it. And if 
water be kept (as is uſual in poor mens houſes that want cellars) in the upper rooms of 
the houſe, in caſe the climate be hot, the water will, in ſpite of the form, continue 
far leſs cold than, according to the Peripateticks, its nature requires, all the ſummer 
long. And let me hers repreſent to the champions of forms, that, according to their 
doctrine, the fluidity of the water mult at leaſt as much proceed from its form as the 
coldneſs; and yet this does fo much depend upon the temperature of the air, that in 
Nova Zembla vaſt quantities of water are kept in the hard and ſolid form of ice all the 
year long by the ſharp cold of the ambient air, notwithſtanding all the pretended office 
and power of the ſubſtantial form to keep it fluid; which it will never be reduced to be, 

unleſs by ſuch a thawing temperature of the air as would itſelf, for aught appears, 
make it flow again, although there were no ſubſtantial form in rerum natusd. ; 
THERE is another argument much urged of late by ſome learned men, the ſubſtance 
whereof is this; that matter being indifferent to oneſort of accidents as well as to another, 
it is neceſſary there ſhould be a ſubſtantial form to keep thoſe accidents, which are 
ſaid to conſtitute it, united to the matter they belong to, and preſerve both them and 
the body in their natural ſtate: for ſince it is confeſſed that matter hath no appetite to 
theſe accidents more than to any others, they demand how without a ſubſtantial form 
theſe accidents can be contained and preſerved? To this I might repreſent that I am 
not fo well ſatisfied with the notion wont to be taken for granted, not only by the 
vulgar, but by philoſophers, of the natural ſtate of bodies; as if it were undeniable 
that every natural body (for as to ſome I ſhall not now queſtion it) has a certain ſtate 
wherein nature endeavours to preſerve it, and out of which it cannot be put, but by 
being put into a preternatural ſtate. For the world being once conſtituted by the great 
Author of things as it now 1s, I look upon the phznomena of nature to be cauſed by 
the local motion of one part of matter hitting againſt another, and am not ſo fully con- 
vinced that there is ſuch. a thing as nature's deſigning to keep ſuch a parcel of 
matter in ſuch a ſtate that is clothed with juſt ſuch accidents, rather than with any 
other. But I look upon many bodies, eſpecially fluid ones, as frequently changing 
their ſtate, according as they happen to be more or leſs agitated or otherwiſe wrought 
upon by the fun, and other conſiderable agents in nature. As the air, water, and 
other fluids, if the temperature as to cold or heat, and rarefaction or condenſation, 
: which 
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which they are in at the beginning of the ſpring here at London, be pitched upon s 
their natural ſtate ; then not only in the torrid and frozen zones they muſt have other 
and very differing natural ſtates, but here itſelf they will almoſt all the ſummer and 
all the winter (as our weather-glaſſes inform us) be in a varying preternatural ſtate, 
becauſe they will be in thoſe ſeaſons either more hot and rarified, or more cold and 
condenſed, than in the beginning of the ſpring. And in more ſtable and conſtant bo- 
dies, I take in many caſes the natural ſtate to be but either the moſt uſual ſtate, or 
that wherein that which produces a notable change in them finds them. -As when 
a ſlender piece of filver that is moſt commonly flexible, and will ſtand bent every way, 
comes to be well hammered, I count that flexibility to be the natural ſtate of that 
metal, becauſe moſt commonly ſilver is found to be flexible, and becauſe it was ſo be- 
fore it was hammered ; but the ſpringineſs it acquires by hammering is a ſtate which 
properly is no more unnatural to the ſilver than the other, and would continue with 
the metal as long as it, if both pieces of ſilver, the one flexible the other ſpringy, were 
let alone and kept from outward violence. And as the filver, to be deprived of its 
flexibleneſs, needed the violent motion of the hammer, ſo to deprive it of its ſpring 
it needs the violent agitation of a nealing fire. Theſe things and much more I mighr 
here repreſent ; but to come cloſe to the objection, I anſwer, that the accidents ſpoken 
of are introduced into the matter by the agents or efficient cauſes, whatever they be that 
produce in it what (in the ſenſe formerly explained) we call an eſſential (though not a 
ſubſtantial) form. And theſe accidents being once thus introduced into the matter, 
we need not ſeek for a new ſubſtantial principle to preſerve them there, ſince by the 
general law or common courſe of nature the matter qualified by them muſt continue 
in the ſtate ſuch accidents have put it into, till by ſome agent or other it be forcibly 
put out of it, and ſo diveſted of thoſe accidents : as in the formerly mentioned example 
borrowed from Ariſtotle, of a brazen ſphere, when once the motion of tools impelled 
and guided by the artificer have — a piece of braſs into a ſphere, there needs no 
new ſubſtance to preſerve that round figure, ſince the braſs muſt retain it till it be de- 
ſtroyed by the artificer himſelf, or ſome other agent able to overcome the reſiſtance of 
the matter, to be put into another figure. And on this occaſion let me confirm this ad 
hominem, by repreſenting that there is not an inconſiderable party among the Peripa- 
teticks themſelves who maintain, that in the elements the firſt qualities (as they call 
them) are inſtead of forms, and that the fire (for inftance) hath no other form than 
heat and drineſs, and the water than coldneſs and moiſture. Now if theſe bodies, that 
are the vaſteſt and the moſt important of the ſublunary world, conſiſt but of the 
univerſal matter and the few accidents; and if in theſe there needs no ſubſtantial 
form to keep the qualities of the matter united to it, and conjoined among themſelves, 
and preſerve them in that ſtate as long as the law of nature requires; though beſides 
the 5 qualities that are called firſt, the elements have divers others, as gravity and 
levity, firmneſs and flaidity, opacouſneſs and tranſparency, &c. why ſhould the fa- 
vourers of this opinion deny that in other bodies, beſides the elements, qualities may be 
preſerved and kept united to the matter they belong to without the band or ſupport 
of a ſubſtantial form? And as, when there is no competent deſtructive cauſe, the ac- 
cidents of a body will by the law of nature remain ſuch as they were; ſo if there be, it 
cannot with reaſon be pretended that the ſubſtantial form is able to preſerve all thoſe 
accidents of a body that are ſaid to flaw from it, and to be as it were under its care and 
tuition. For if, for inſtance, you expoſe a ſphere or bullet of lead to a ſtrong fire, it 
will quickly loſe (not to mention its figure) both its coldneſs, its conſiſtence, its mal- 
leableneſs, its colour (for it will appear of the colour of fire) its flexibility, and ſome 
other qualities; and all this in ſpite of the 5 ſubſtantial form, which, according 
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to the Peripatetical principles, in this caſe muſt ſtill remain in it without being able to 
help it. And though, upon the taking the lead from off the fire, it is wont to be 
educed to moſt of its former qualities (for it will not of itſelf recover its ſphericity) 
yet that may well be aſcribed partly to its peculiar texture, and partly to the coldneſs 
of the ambient air, according to what we lately diſcourſed touching heated and refri- 

erated water; which temperature of the air is an extrinſical thing to the lead, and in- 
Gree it is but accidental that the lead upon refrigeration regains its former qualities: 
for in caſe the lead have been expoſed long enough to a ſufficiently intenſe fire, it will 
(as we have purpoſely tried) be turned into glaſs, and loſe its colour, its opacity, its 
malleableneſs, and (former degree of) flexibleneſs, and acquire a reddiſhneſs, a degree of 
tranſparency, a brittleneſs, and ſome other qualities that it had not before: and let the 
{uppoſed ſubſtantial form do what it can, even when the veſſel is removed from the 
fire, to reduce or reſtore the body to its natural ſtate and accidents, yet the former 
qualities will remain loſt as long as theſe preternatural ones introduced by the fire con- 
tinue in the matter; and neither the one will be reſtored, nor the other deſtroyed, till 
ſome ſufficiently powerful extrinſick agent effect the change. And on the other fide I 
conſider, that the fruit, when ſevered from the tree it grew on, is confeſſed to be no 
longer animated (at leaſt the kernels or ſeeds excepted). by the vegetative ſoul or ſub- 
ſtantial form of the plant; yet in an orange or lemon (for inſtance) plucked from the 
tree, we ſee that the ſame colour, the ſame odour, the ſame taſte, the ſame figure, the 
ſame conliſtence, and, for aught we know, the ſame other qualities, whether ſenſible or -. 
even occult, as are its antidotal and antiſcorburical virtues that muſt before be ſaid to 
have flowed from the ſoul of the tree, will continue many months, perhaps ſome years, 
after the fruit has ceaſed to have any commerce with the tree (nay, though the tree 
whereon it grew be perhaps in the mean time hewn down or burnt, and though conſe- 
quently its vegetative ſoul or form be deſtroyed) as when it grew thereon, and made 
up one plant with it. And we find that tamarinds, rhubarb, ſenna, and many other 
ſimples, will, for divers years after they have been deprived of their former vegetative 
{1oul, retain their purgative and other ſpecifick properties. 

I FIND it likewiſe urged that there can be no reaſon why whiteneſs ſhould be ſepa- 
rable from a wall and not from ſnow or milk, unleſs we have recourſe to ſubſtantial 
forms. But in caſe men have agreed to call a thing by ſuch a name, becauſe it has 
iuch a particular quality that differences it from others, we need go no farther to find 
As in our for- 
mer example of a braſs ſphere, the figure is that for which we gave it that name; and 
therefore, though you may alter the figure of the matter, yet by that very alteration 
the body periſhes in the capacity of a ſphere, whereas its coldneſs may be exchanged 
tor heat, without the making it the leſs a ſphere, becauſe it is not for any ſuch quality, 
but tor roundneſs, that a body is ſaid to be a ſphere. And fo firmneſs is an inſeparable 
quality of ice, though this or that particular figure be not, becauſe that it is for want of 
fluidity that any thing that was immediately before a liquor is called ice; and congru— 
ouſly hereunto, though whiteneſs were inſeparable from ſnow and milk, yet that would 
not neceſſarily infer that there muſt be a ſubſtantial form to make it ſo: for the firm- 
neſs ct the corpulcles that compoſe ſnow is as inſeparable from it as the whiteneſs ; 
and yet it is not pretended to be the effect of the ſubſtantial form of the water, but of 
the exceſs of the coldneſs of the air, which (to uſe vulgar, though perhaps inaccurate 
expreſſions) puts the water out of its natural ſtate of fluidity and into a preternatural 
one of firrgneſs and brittleneſs. And the reaſon why ſnow ſeldom loſes its whiteneſs 
but with its nature, ſeems to be, that its component particles are ſo diſpoſed, that the 
lame heat of the ambient air that is fit to turn it into a tranſparent body is alſo fit to 
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make it a fluid one, which when it is become, we no longer call it ſnow, but water; 
ſo that the water loſes its whiteneſs, though the ſnow do not. But if there be a 
cauſe proper to make a convenient alteration of texture in the ſnow without melting 
or reſolving it into water, it may then exchange its whiteneſs for yellowneſs without 
loſing its right to be called ſnow : as I remember I have read in an eminent writer, 
that de facto, in the northern regions towards the pole, thoſe parcels of ſnow that have 
lain very long on the ground degenerated in time into a yellowiſh colour, very dit- 
tering from that pure whiteneſs to be obſerved in the neighbouring ſnow lately fallen. 

Bur there yet remains an argument for ſubſtantial forms, which, though (perhaps 
becauſe phyſical) it will not be overlooked or ſlightly anſwered by their oppolers, will tor 
the ſame reaſon deſerve to be taken notice of here; and it is, that there ſeems to be a 
neceſſity of admitting ſubſtantial forms in bodies, that from thence we may derive all 
the various changes to which they are ſubject, and the differing effects they produce, 
the 1 and reſtitution of the ſtate requiſite to each particular body, as alſo 
the keeping of its ſeveral parts united into one totum. To the anſwering of this ar- 
gument ſo many things will be found applicable both in the paſt and ſubſequent parts 
of theſe notes, that I ſhall at preſent but point the chief particulars on which the ſolu- 
tion is grounded. 

I cons1DeR then, firſt, that many and great alterations may happen to bodies, which 
ſeem manifeſtly to proceed from their peculiar texture and the action of outward 
agents upon them, and of which it cannot be ſhewn that they could happen otherwile, 
though there were no ſubſtantial forms in rerum naiiurd : as we lee, that tallow (for 
inſtance) being melted by the fire, loſes its coldneſs, firmneſs, and its whiteneſs, and 
acquires heat, fluidity, and ſome tranſparency ; all which being ſuffered to cool, it 
preſently changes for the three firſt named qualities. And yet divers of theſe changes 
are plainly enough the effects partly of the fire, partly of the ambient air, and not of I 
know not what ſubſtantial form: and as it is both evident and remarkable, what 
great variety of changes in qualities, and productions in new ones, the fire (that is, 
a body conſiſting of inſenſible parts, that are variouſly and vehemently moved) doth 
effect by its heat, that is, by a modified local motion; I conſider further, that 
various operations of a body may be derived from the peculiar texture of the whole, 
and the mechanical affections of the particular corpuſcles or other parts that compoſe: 
It, as we have often occaſion to declare here and there in this treatiſe ; and particularly 
by an inſtance, ere long to be further inſiſted on, namely, that though vitriol made of 
iron with a corroſive liquor be but a factitious body, made by a convenient appoſition 
of the ſmall parts of the jalinz menſtruum to thoſe of the metal, yet this vitriol will 
do molt, if not all, of the ſame things, that vitriol made by nature in the bowels 
of the ys and digged out thence, will perform: and each of theſe bodies may be 
endowed with variety of differing qualities, which I fee not why they mult flow in 
the native vitriol from a ſubſtantial form, ſince in the factitious vitriol the fame qualities 
belong to a form that does plainly emerge from the coalition of metalline and ſaline 
corpulcles aſſociated together and diſpoſed of after a certain manner. 

AxD laſtly, as to what is very confidently as well as plauſibly pretended, That a 
ſubſtantial form is requiſite to keep the parts of a body united, without which it would 
not be one body; I anſwer, That the contrivance of convementiy figured parts, and in 
ſome caſes their juxra poſition, may, without the aſliſtance of a ſubſlancial form, be 
ſufficient for this matter. For not to repeat what I juit now mentioned concerning 
vitriol made by art, whoſe parts are as well united and kept together as thoſe of the 
native vitriol, 1 obſerve, that a pear grafted upon a thorn, or a ptumb inoculated upon 
an apricot, will bear good fruit, and grow up with the ſtock, as though they baca 
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made but one tree, and were animated but by the ſame common form; whereas in- 
deed both the ſtock and the inoculated or grafted plant have each of them its own 
form, as may appear by the differing leaves, and fruits, and ſeeds they bear. And that 
which makes to our preſent purpoſe is, that even vegetation-and the diſtribution of ali- 
ments are in ſuch caſes well made, though the nouriſhed parts of the total plant, if I 
may ſo call it, have not one common ſoul or form; which is yet more remarkable in the 
miſletoes that I have ſeen growing upon old hazle-trees, crab-trees, apple-trees, and 
other plants, in which the mifletoe often differs very widely from that kind of plant 
on which it grows and proſpers. And for the durableneſs of the union betwixt bodies, 
that a ſubſtantial form is not requiſite to procure it, I have been induced to think, 
by conſidering that filver and gold, being barely mingled by infuſion, will have their 
minure parts more cloſely united than thoſe of any plant or animal that we know of. 
And there is ſcarce any natural body wherein the form makes ſo ſtrict, durable, and 
indiſſoluble an union of the parts it conſiſts of, as that which in that factitious con- 
crete we call glaſs ariſes from the bare commiſtion of the corpuſcles of ſand with thoſe 
ſaline ones wherewith they are colliquated by the violence of the fire : and the like 
may be ſaid of the union of the proper accidents of glaſs with the matter of it, and 
betwixt one another. | | | 
To draw towards a concluſion: I know it is alledged as a main conſideration on the 
behalf of ſubſtantial forms, that theſe being in natural bodies the true principles of their 
2 and conſequently of their operations, their natural philoſophy muſt needs 
e very imperfect and defective, who will not take in ſuch forms ; but for my part I 
confeſs, that this very conſideration does rather indiſpoſe than incline me to admit them. 
For if indeed there were in every natural body ſuch a thing as a ſubſtantial form, from 
which all its properties and qualities immediately flow, ſince we ſee that the actions of 
bodies upon one another are for the moſt part (if not all) immediately performed by 
their qualities or accidents, it would ſcarce be poſſible to explicate very many of the 
explicable phænomena of nature without having recourſe to them; and it would be 
ſtrange if many of the abſtruſer phænomena were not explicable by them only. Whereas 
indeed almoſt all the rational accounts to be met with of difficult phænomena are 
given by ſuch as either do not acknowledge or at leaſt do not take notice of ſubſtantial 
forms. And it is evident by the clear ſolutions (untouched by many vulgar philo- 
ſophers) we meet with of many phænomena in the Staticks and other parts of the 
Mechanicks, and eſpecially in the Hydroſtaticks and Pneumaticks, how clearly many 
3388 may be ſolved without employing a ſubſtantial form. And on the other ſide, 
do not remember that either Ariſtotle himielf (who perhaps ſcarce ever attempted 
it) or any of his followers, has given a ſolid and intelligible ſolution of any one phæ- 
nomenon of nature by the help of ſubſtantial forms ; which you need not think it 
{trange I ſhould ſay, ſince the greateſt patrons of forms acknowledging their nature to 
be * unknown to us, to explain any effect by a ſubſtantial form, muſt be to declare (as 
they ſpeak) ignotum per ignotius, or at leaſt per æꝗquè ignotum. And indeed to explicate 
a phenomenon being to deduce it from ſomething elſe in nature more known to us 
than the thing to be explained by it, how can the employing of incomprehenſible (or at 
leaſt uncomprehended) ſubſtantial forms help us to explain intelligibly this or that 
particular phænomenon? For to ſay, that ſuch an effect proceeds not from this or that 
quality of the agent, but from its ſubſtantial form, is to take an eaſy way to reſolve all 
dlifficulties in general, without rightly reſolving any one in particular; and would make 
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a rare philoſophy, if it were not far more eaſy than ſatisfactory: for if it be demanded 
why jet attracts ſtraws, rhubarb purges choler, ſnow dazzles the eyes rather than graſs, 
Sc. to ſay, that theſe and the like effects are performed by the ſubſtantial forms of 
the reſpective bodies, is at beſt but to tell me what is the agent, not how the effect is 
wrought ; and ſeems to be but ſuch a kind of general way of anſwering, as leaves the 
curious enquirer as much to ſeek for the cauſes and manner of particular things, as 
men commonly are for the particular cauſes of the ſeveral ſtrange things performed by 
witchcraft, though they be told that it is ſome devil that does them all. Wherefore 
I do not think but that natural eee uf without being for that the more defective, 
may well enough ſpare the doctrine of ſubſtantial forms as an uſeleſs theory; not that 
men are arrived to be able to explicate all the phænomena of nature without them, but 
becauſe whatever we cannot explicate without them, we cannot neither intelligibly 
explicate by them. 

An thus, Pyrophilus, I have offered you ſome of thoſe many things that indiſpoſed 
me to acquieſce in the received doctrine of ſubſtantial forms; but in caſe any more 
piercing enquirer ſhall perſuade himſelf that he underſtands it thoroughly, and can ex- 
plicate it clearly, I ſhall congratulate him for ſuch happy intellectuals, and be very 
ready to be informed by him. But ſince what the ſchools are wont to teach of the 
origin and attributes of ſubſtantial forms, is that which I confeſs I cannot yet com- 
prehend ; and ſince I have ſome of the moſt eminent perſons among the modern phi- 
loſophers to join with me, though perhaps not for the ſame conſiderations, in the like 
confeſſion, that it is not neceſſary the reaſon of my not finding this doctrine conceivable 
muſt be rather a defectiveneſs in my underſtanding, than the unconceivable nature of 

the thing itſelf ; I, who love not (in matters 2 philoſophical) to acquieſce in what 
I do not underſtand, nor to go about to explicate things to others by what appears to 
me itſelf inexplicable, ſhall, I hope, be excuſed, if, leaving thoſe that contend for 
them the liberty of making what uſe they can of ſubſtantial forms, I do, till I be 
better ſatisfied, decline employing them myſelf, and endeavour to folve thoſe phæ- 
nomena I attempt to give an account of, without them; as not ſcrupling to confeſs, 
that thoſe that I cannot explicate, at leaſt in a general way, by intelligible principles, 
I am not yet arrived to the diſtinct and particular knowledge of. 
Now for our doctrine touching the origin of forms, it will not be difficult to collect 


it from what we formerly diſcourſed about qualities and forms together: for the form of 


a natural body being, according to us, but an eſſential modification, and as it were the 
ſtamp of its matter; or ſuch a convention of the bigneſs, ſhape, motion (or reſt) ſitua- 
tion and contexture (together with the thence reſulting qualities) of the ſmall parts that 
compoſe the body, as is neceſſary to conſtitute and denominate ſuch a particular body; 
and all theſe actions being producible in matter by local motion, it is agreeable to our 
hypotheſis to ſay, that the firſt and univerſal, though not immediate cauſe of forms, is 
none other but God, who put matter into motion (which belongs not to its eſſence) 
and eſtabliſhed the laws of motion amongſt bodies, and allo, according to my opinion, 
guided it in divers caſes at the beginning of things; and that, among ſecond cauſes, 
the grand efficient of forms in local motion, which, by varioufly dividing, ſequeſtering, 
tranſpoſing, and ſo connecting the parts of matter, produces in them thoſe accid ents 
and qualities, upon whoſe account the portion of matter they dwerſity, comes to be- 
long to this or that determinate ſpecies of natural bodies, which yet is not foto be un- 
deritood, as if motion were only an efficient cauſe in the generation of bodies, bu: very 


fren (as in water, fire, Cc.) it is alſo one of tlie chief accident; that concur to n ake 
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Bur in this laſt ſummary account of the origin of forms, I think myſelf obliged to 
declare to you a little more diſtinctly what I juſt now intimated to be my own opinion. 
And this I ſhall do by advertiſing you, that though I agree with our Epicureans in 
thinking it probable that the world is made up of an innumerable multitude of ſingly 
inſenſible corpuſcles endowed with their own ſizes, ſhapes, and motions z and though 
I agree with the Carteſians in believing (as I find that“ Anaxagoras did of old) that 
matter hath not its motion from itſelf, but originally from God ; yet in this I differ 
both from Epicurus and Des Cartes, that whereas the former of them plainly denies that 
the world was made by any deity (for deities he owned) and the latter of them, for aught 
I can find in his writings, or thoſe of ſome of his moſt eminent diſciples, thought that 
God, having once put matter into motion, and eſtabliſhed the laws of that motion, 
needed not more particularly interpoſe for the production of things corporeal, nor 
even of plants or animals, which, according to him, are but engines : I do not at all 
believe that either theſe Carteſian laws of motion, or the Epicurean caſual concourſe 
of atoms, could bring mere matter into ſo orderly and well contrived a fabrick as this 
world; and therefore I think, that the wiſe Author of nature did not only put matter 
into motion, but, when he reſolved to make the world, did ſo regulate and guide the 
motions of the ſmall parts of the univerſal matter, as to reduce the greater ſyſtems of 
them into the order they were to continue in; and did more particularly contrive ſome 

ortions of that matter into ſeminal rudiments or principles, lodged in convenient re- 
ceptacles (and as it were wombs) and others into the bodies of plants and animals : one 
main part of whoſe contrivance did, as I apprehend, conſiſt in this, that ſome of their 
organs were ſo framed, that, ſuppoſing the fabrick of the greater bodies of the univerſe, 
and the laws he had eſtabliſhed in nature, ſome juicy and ſpirituous parts of theſe liv- 
ing creatures muſt be fit to be turned into prolifick ſeeds, whereby they may have a 
power, by generating their like, to propagate their ſpecies. So that, according to my 
apprehenſion, it was at the beginning neceſſary that an intelligent and wile agent ſhould 
contrive the univerſal matter into the world (and eſpecially ſome portions of it into ſe- 
minal organs and principles) and ſettle the laws according to which the motions and 
actions of its parts upon one another ſhould be regulated ; without which interpoſition - 
of the world's architect, however, moving matter may, with ſome probability (tor I ſee 
not in the notion any certainty) be conceived to be able, after numberleſs occurſions 
of its inſenſible parts, to caſt itſelf into ſuch grand conventions and convolutions as the 
Carteſians call vortices, and (as I remember) + Epicurus ſpeaks of under the name of 
Tpoorgirer, ua t yet I think it utterly improbable that brute and unguided, though 
moving matter, ſhould ever convene into ſuch admirable ſtructures as the bodies of per- 
tect animals. But the world being once framed, and the courſe of nature eſtabliſhed, 
the naturaliſt {except in ſome few caſes where God or incorporeal agents interpoſe) 
has recourſe to the firſt cauſe but for its general and ordinary ſupport and influence, 
whereby it preſerves matter and motion from annihilation or deſition; and in expli- 
cating particular phenomena conſiders only the ſize, ſhape, motion (or want of 1t) 
texture, and the reſulting qualities and attributes of the ſmall particles of matter. 
And thus in this great automaton, the world (as in a watch Gr clock) the materials 
it conſiſts cf being left to themſelves, could never at the firſt convene into ſo curious 


an engine: and yet when the ſkilful artiſt has once made and ſet it a going, the phæ- 
nomena it exhibits are to be accounted for by the number, bigneſs, proportion, ſhape, 


* Ariſtot e, ſpeaking of Anaxageras in the firſt chapter of his laſt book of his Phyſicks, hath this 


paſſage : Dicit (Anaagoras) cum omnia ſim] ent, atque quieſcerent temfore inſ.nito, mentem moviſſe ac 
degregaſe. 
1 Epicurus in his epiſtle to Pyth cles. | 
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motion (or endeavour) reſt, coaptation, and other mechanical affections of the ſpring, 


| wheels, pillars, and other parts it is made up of: and thoſe effects of ſuch a watch 
that cannot this way be explicated, muſt, for aught 1 know, be confeſſed not to be 
ſufficiently underſtood. | | 


Bor to return thither, whence my duty to the author of nature obliged me to make 
this ſhort digreſſion : | ; h 

Tux hitherto propoſed hypotheſis touching the origination of forms hath, I hope, 
been rendered probable by divers particulars in the paſt diſcourſes, and will be both 
exemplified and confirmed by ſome of the experiments that make the latter part of this 
preſent treatiſe, (eſpecially the fifth and ſeventh of them) which containing experiments 
of the changing the form of a ſalt and a metal, do chiefly belong to the hiſtorical or expe- 
rimental part of what we deliver touching the origin of forms : and indeed, beſides the 
two kinds of experiments preſently to be mentioned, we might here preſent you a third 


fort conſiſting partly of divers relations of metalline tranſmutations delivered upon their 


own credit by credible men that are not alchymiſts, and partly of ſome experiments 
(ſome made, ſome directed by us) of changing both bodies totally inflammable almoſt 


totally into water; and a good part even of diſtilled rain water without additament into 


earth; and diſtilled liquors readily and totally mingleable with water pro parte into a true 
oil that will not mix with it: this fort of experiments, I ſay, I might here annex if I 
thought fit in this place, either to lay any ſtreſs upon thoſe that I cannot my ſelf make 
out, or to transfer hither thoſe experiments of changes amongſt bodies not metalline 
that belong to. another “ treatiſe : but over and above what the paſt notes and the expe- 
riments that are to follow them contain towards the making of what we teach concern- 
ing forms; we will here for further confirmation proceed to add two ſorts of experi- 
ments (beſides the third already mentioned) : the one, wherein it appears that bodies 


of very differing natures being put together, like the wheels and other pieces of a watch, 


and by their connection acquiring a new texture, and ſo new qualities may, without 
having recourſe to a ſubſtantial form, compoſe ſuch a new concrete as may as well 
deſerve to have a ſubſtantial form attributed to it by virtue of that new diſpoſition of 

its parts as other bodies that are ſaid to be endowed therewith ; and the other, that a 
natural body being diſſipated and as it were taken in pieces like a watch, may have its 
parts ſo aſſociated as to conſtitute new bodies of natures very differing from its own 
and from each other, and yet theſe diſſipated and ſcattered parts, by being re- collected 
and put together again like the pieces of a watch in the like order as before, may recom- 
poſe (almoſt, if not more than almoſt) ſuch another body as that they made up before 
they were taken aſunder, TS 
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EY: of Forms. 

1 was not A random that I ſpoke, when in the foregoing notes, about the origin of 
q 


ualities, I intimated that it was very much by a kind of tacit agreement that men 
had diſtinguiſhed the ſpecies of bodies, and that thoſe diſtinctions were more arbitrary 
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than we are wont to be aware of; for I confeſs that I have not yet, either in Ariſtotli 
or any other writer, met with any genuine and ſufficient diagnoſtic and boundary for 
the diſcriminating and limiting the ſpecies of things; or to ſpeak more plainly, I have 
not found that any naturaliſt has laid down a determinate number and fort of qualities 
or other attributes, which is ſufficient and neceſſary to conſtitute all portions of matter 
endowed with them, diſtin . kinds of natural bodies: and therefore I obſerve that 
moſt commonly men look upon theſe as diſtin ſpecies of bodies that have had the 
luck to have diſtin names found out for them, though perhaps divers of them differ 
much leſs from one another than other bodies, which (becauſe they have been huddled* 
up under one name) have been looked upon as but one ſort of bodies. But not to 
lay any weight on this intimation about names, I found that for want of a true charac-. 
teriſtick or diſcriminating note, it hath been and is ſtill both very uncertain as to divers 
bodies, whether they are of different ſpecies or of the ſame, and very difficult to give a 
ſufficient reaſon why divers bodies wherein nature is aſſiſted by art ſhould not as well 
paſs for diſtinct kinds of bodies as others that are generally reckoned to be fo. | 
Wurxrux (for inſtance) water and ice be not to be eſteemed diſtin& kinds of bodies 
is ſo little evident that ſome that pretend to be very well verſed in Ariſtotle's writings 
and opinions, affirm him to teach that water loſes not its own nature by being turned 
into ice; and indeed I remember I have read a * text of his that ſeems expreſs enough 
to this purpoſe, and the thing itſelf is made plauſible by the reducibleneſs of ice back 
again into water. And yet I remember Galen is affirmed to make theſe two diſtinct 
ſpecies of bodies, which doctrine is favoured by the differing. qualities of ice and water: 
for not only the one is fluid and the other ſolid and even brittle ; but ice is alſo com- 
monly more or leſs opacous in compariſon of water, being allo lighter than it in ſpecie, 
ſince it ſwims upon it. To which may be added, that ice beaten with common falt- 
will freeze other bodies when water mingled with ſalt will not: and on this occaſion I. 
would propoſe to be reſolved, whether muſt. wine, ſpirit of wine, vinegar, tartar, and 
vappa be ſpecifically diftin&t bodies? And the like queſtion I would aſk concerning a 
hen's egg and the chick that is afterwards hatched out of it; as alſo concerning wood, 
aſhes, ſoot, and likewiſe the eggs of filkworms, which are firſt ſmall caterpillars, or 
(as ſome think them) but worms when they are newly hatched, and then aurelias, (or 
huſked maggots), and then butterflies; which I have obſerved with pleaſure to be the 
ſucceſſive production of the prolifick ſeed of ſilk- worms. And whether the anſwer to 
theſe queries be affirmative or negative, I doubt, the reaſon that will be given for either 
of the two will not hold in divers caſes whereto I might apply it. And a more puzzling. 
queſtion it may be to ſome, whether a charcoal being thoroughly kindled do ſpecifically: 
differ from another charcoal? For according to thoſe I argue with, the fire has pene- 
trated it quite through; and therefore ſome of the recent Ariſtotelians are ſo convinced 
of its being tranſmuted, that all the ſatisfaRion I could find from a very ſubtile modern 
choolman to the objeCtion, that if the glowing coal were plunged into water it would be 
a black coal again; was that, notwithſtanding that reduction, the form of a charcoal 
had been once aboliſhed by the fire, and was reproduced by God upon the regained 
diſpoſicion of the matter to es 


* See Li6. 1. de Gen. Corr. t. 80. Jdem corpus (ſays. he there) quanguam continuum, alias liguidum, 
alt: erneoretum videmus, non diviſione aut compoſitione hac paſſum, aut conwver/ione, aut attattu, ficuti emo- 
Witus eit: nam neque tranſpaſitione, neque Naturæ demutatione (s 79 ps7aba Any Tiv prov) ex liquide 
concretum evaaere Soltts | 

Nox: 
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Nox is it very eaſy to determine whether clouds, and rain, and hail, and ſhow, be 
bodies ſpecifically diſtinct from water and from each other; and the writers of meteors 
are wont to handle them as diſtindt. And if ſuch flight differences as thoſe, that diſcri- 
minate theſe bodies, or that which diſtinguiſhes wind from exhalations, hole courſe 
makes it be ſufficient to conſtitute differing kinds of bodies, it will be hard to give a 
ſatisfactory reaſon why other bodies that differ in more, or more conſiderable particulars, 
ſhould not enjoy the ſame privilege: and I preſume that ſnow differs leſs from rain than 
paper doth from rags, or glaſs made of wood-aſhes does from wood. And indeed 
men having by tacit conſent agreed to look upon paper, and glaſs, and ſoap, and ſugar, 
and braſs, and ink, and pewter, and gunpowder, and I know not how many others, to 
be diſtinct ſorts of bodies; I ſee not why they may not be thought to have done it on as 
good grounds as thoſe upon which divers other differing ſpecies of bodies have been con- 
ſtituted. Nor will it ſuffice to object that theſe bodies are factitious; for it is the preſent 
nature of bodies that ought to be conſidered in referring them to ſpecies, which way 


ſoever they came by that nature; for ſalt that is in many countries made by boiling 


ſea- water in cauldrons and other veſſels, is as well true ſea-ſalt as that which is made in 
the Je of Man (as navigators call it) without any co-operation of man, by the bare 
action of the ſun upon thoſe parts of the ſea-water which chance to be left behind in 
hollow places after a high ſpring-tide. And filk-worms which will hatch by the heat 
of human bodies, and chickens that are hatched in Ægypt by the heat of ovens or 
dunghills are no leſs true ſilk-worms or chickens than thoſe that are hatched by the ſun 
or by hens. 

FA for what may be objected, that we muſt diſtinguiſh betwixt factitious bodies and 
natural, I will not now ſtay to examine how far that diſtinction may be allowed; for ir 
may ſuffice for our preſent purpoſe to repreſent, that whatever may be ſaid of factitious 
bodies, where man does, by inſtruments of his own providing, only give figure, or 
alſo contexture to the ſenſible (not inſenſible) parts of the matter he works upon; as 
when a joiner makes a ſtool, or a ſtatuary makes an image, or a turner a bow]: yet 
the caſe may be very differing in thoſe other factitious productions wherein the inſenſible 
parts of matter are altered by natural agents who 'perform the greateſt part of the work 
among themſelves, though the artificer be an aſſiſtant, by putting them together after 
a due manner. And therefore I know not why all the productions of the fire made by 
chymiſts ſhould be looked upon as not natural, but artificial bodies; ſince the fire, 
which is the grand agent in theſe changes, doth not, by being employed by the chymiſt, 
ceaſe to be and to work as a natural agent: and fince nature herſelf doth, by the help 
of the fire, ſometimes afford us the like productions that the alchymiſt's art preſents 
us: as in Ana, Veſuvius, and other burning mountains, (ſome of whoſe productions 


I can ſhew you), ſtones are ſometimes turned into lime, (and fo an alkalizate ſalt is 


produced), and ſometimes, if they be more diſpoſed to be fluxed than calcined, brought 
to vitrification ; metalline and mineral bodies are by the violence of the fire colliquated 
into maſſes of very ſtrange and compounded natures. ' Aſhes and metalline lowers of 
divers kinds are ſcattered about the neighbouring places, and copious flowers of ſulphur 
ſublimed by the internal fire, have been ſeveral times found about the vents at which the 
fumes are diſcharged into the air: (as I have been aſſured by ingenious viſitors of ſuch 
places, whom I purpoſely inquired of touching theſe fores ; for of theſe travellers more 
than one anſwered me they had themſelves gathered, and had brought ſome very good). 
Not to add, that I have ſometimes ſuſpected, upon no abſurd grounds, that divers of 
the minerals and other bodies we meet with in the lower parts of the eatth, and think 
to have been formed and lodged there ever ſince the beginning of things, have been 
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ſince produced there by the help of ſubterraneal fires or other heats, which may, either 
by their immediate action and exceedingly long application, very much alter ſome bodies 
by changing their texture; as when lead is turned into minium and tin into putty, by 
the operation of the fire in a few hours, or by elevating, in the form of exhalations or 
vapours, divers ſaline and ſulphureous corpuſcles or particles of unripe, or (to uſe a 
chymical term of art) embryonated minerals, and perhaps metals, which may very 
much alter the nature, and thereby vary the kind of other ſubterraneal bodies which 
they pervade, and in which they often come to be incorporated; or elſe may, by con- 
vening among themſelves, conſtitute particular concretions z as we ſee that the fumes 
of ſulphur and thoſe of mercury unite into that- lovely red maſs which in the ſhops they 
call vermilion, and which is ſo like to the mineral whence we uſually obtain mercury, 
that the Latins give them both the ſame name, Cinnabaris, and in that are imitated by 
the French and Italiansz in whoſe favour I ſhall add, thar if we ſuppoſe this mineral to 


conſiſt of a ſtony concretion penetrated by ſuch mineral fumes as I have been ſpeaking 


of, the appellation may be better excuſed than perhaps you imagined ; ſince from Cin- 


nabaris nativa not only I obtained a conſiderable quantity of good running mercury 


(which is that men are wont to ſeek for from it) but, to gratify my curioſity ſomewhat 


further, I tried an eaſy way that came into my mind, whereby the caput mortuum 
afforded me no deſpicable quantity of good combuſtible ſulphur : but this upon-the-by, 
being not obliged to ſet down here the grounds of my paradoxical conjecture about the 
effects of ſubterraneal fires and heats ſince I here lay no ſtreſs upon it, but return to 
what I was ſaying about AÆtna and other Volcanos. Since then theſe productions of 
the fire being of nature's own making, cannot be denied to be natural bodies, I ſee not 
why the like productions of the fire ſhould be thought unworthy that name, only becauſe 
the fire that made the former was kindled by chance in a hill, and that which produced 
the latter was kindled by a man in a furnace. And if flower of ſulphur, lime, glaſs, 
and colliquated mixtures of metals and minerals are to .be reckoned among natural bo- 
dies, it ſeems to be but reaſonable, that, upon the fame grounds, we ſhould admit 
flower of antimony, lime, and gla's, and pewter, and braſs, and many other chymical 
concretes (if I may ſo call them) to be taken into the ſame number; and then it will be 
evident that, to diſtinguiſh the ſpecies of natural bodies, a concourſe of accidents will, 
without conſidering any ſubſtantial form, be ſufficient, 

Bur becauſe I necd not on this occaſion have recourſe to inſtances of a diſputable 
nature, I will pitch, for the illuſtration of the mechanical production of forms, upon 
vitriol : for ſince nature herſelf without the help of art does oftentimes produce that 
concrete (as I have elſewhere ſhewn by experience) there is, no reaſon why vitriol, 
produced by eaſy chymical operations ſhould not be looked upon as a body of the ſame 
nature and kind: and in factitious vitriol, our knowing what ingredients we make uſe 
of, and how we put them togegher, enables us to judge very well how vitriol is pro- 


duced. But becauſe it is wont to be reckoned with ſaltpetre, ſea-ſalt, and ſal gem; 


among true ſalts, I think it requiſite to take notice, in the firſt place, that vitriol is not 
a mere ſalt, but that which Paracelſus ſomewhere,” and aſter him divers other Spagyriſts 
call a magiſtery, which in their ſenſe (for there are that uſe it in another) commonly 
ſignifies a preparation, wherein the body to be prepared has not its principles ſeparated z 
as in diſtillation, incinetation, &c. but wherein, the whole body is brought into another 
form by the addition of ſome ſalt or menſtruum that is united per minima with it. And 
agreeably to this notion, we find that from common vitriol, whether native or faQi- 
tious, may be obtained (by diſtillation and reduction) an acid ſaline ſpirit, and a me- 
talline ſubſtance, as I elle where mention, that from blue vitrioi copper may be (by more 


than 
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than one way) ſeparated. And I the rather give this advertiſement, becauſe that as 
there is a vitriol of iron, which is uſually green, and another of copper, which is wont 
to be blue, and alſo a white vitriol about which it is diſputed what it holds (though 
that it holds ſome copper I have found); and yet of all theſe, are without ſcruple I: 
puted true vitriols, notwithſtanding that they differ ſo much in colour, and (as I have 
diſcovered) in ſeveral other qualities; ſo I ſee no reafon why the other minerals, being 
reduced by their proper menſtruums into ſalt like magiſteries, may not paſs for the 
vitriols of thoſe metals, and conſequently for natural bodies; which if granted, will add 
ſome confirmation to our doctrine, though its being granted is not neceſſary to make it 
out. For to confine ourſelves to vitriol, it is known among chymiſts, that if upon the 
filings of Mars one put a convenient quantity of that acid diſtilled liquor, which is 
(abuſively) wont to be called oil of vitriol, diluting the mixture with rain or with com- WEL” 
mon water, it is eaſy by filtrating the ſolution, by evaporating the aqueous ſuperfluit 
of it, and by leaving the reſt for a competent while in a cellar (or other cold place) to 
cryſtallize ; it is eaſy, I ſay, by this means to obtain a vitriol of iron; which agrees 
with the other vitriol of vitriol-ſtones or marchaſites preſented us by nature without the 
help of any other menſtruum than the rain that falls upon them from the clouds, in I 
know not how many qualities, part obvious, and part of them occult: as (of the firſt 
ſort) in colour, tranſparency, brittleneſs, eaſineſs of fuſion, ſtyprical taſte, reducibleneſs 
to a red powder by calcination, and other qualities more obvious to be taken notice of; 
to which may be annexed divers qualities of the ſecond fort, (I mean the more abſtruſe 
ones), as the power to turn in a trice an infuſion of galls made in ordinary water, (as 
alſo to turn a certain clear mineral ſolution, elſewhere mentioned) into an inky colour, 
to which in all probability we may add a faculty of eauſing vomits even im a ſmall doſe, 
when taken into the ſtomach of a man, and that remarkable property of being endowed 
with-as exact and curious a ſhape or figure as thoſe for which falts have been, by modern 
philofophers eſpecially, ſo much admired. But that no ſcruple might ariſe from hence, 
that in the viiriolum martis wont to be made by chymiſts, the menſtruum that is em- 
ployed is the oil of common vitriol, which may be ſuſpetted to have retained the nature 
of the concrete whence it proceeded ; and fo this factitious vitriol may not be barely a 
new production, but partly a recorporification, as they ſpeak, of the vitriolate corpuſcles 
contained in the menſtruum: to prevent this ſeruple, I ſay (which yet perhaps would 
not much trouble a conſidering chymiſt) I thought fit to employ a quite other men- 
ſtruum that would not be ſuſpected to have any thing of vitriol in it. And though 
aqua fortis and ſpirit of nitre, however they corrode Mars, are unfit for ſuch a work; 
yet having pitched upon ſpitit of ſalt inſtead of oil of vitriol, and proceeding the ſame 
way that has been already ſet down, it anſwered our expectation, and afforded us a good 
green vitriol, Nor will the great diſpoſition I have obſerved in this our vitriol to 
reſolve, by the moiſlure of the air into a liquor, make it eſſentially differing from other 
vitriols, ſince it has been obſerved, and particularly by Guntberus Belichius more than 
once, that even the common vitriol he uſed in Germany will alto, though not ſo eaſily 
as other ſalts, run (as the chy miſts phraſe it) per deliguium. And to make the experi- 
ment more complete, though we did nut find either oil of vitriol or ſpirit of ſalt, good 
menſtruums to make a blue venereal] vitriol out of copper (however filed or thinly 
laminated) and though upon more trials than one, it appeared that aqua fortis and. 
ſpirit of nitre, which we thought fit to ſubſtitute to the above-mentioned liquors, did 
indeed make a ſolution of copper, but ſo unctuous a one that it was very hard to bring 
any part of it to dryneſs without ſpoiling the colour and ſhape of the deſired body: 
yet repeating the experiment with care and watchfulneſs, we this way obtained one of the 
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lovelieſt vitriols that hath perhaps been ſeen, and of which you yourſelf may be the judge 
by a parcel of it I keep by me for a rarity. 

To apply now theſe experiments, eſpecially that wherein ſpirit of ſalt is employed, to 
the purpoſe for which I have mentioned them, let us briefly conſider theſe two things; 
the one, that our factitious vitriol is a body that, as well as the natural, is endowed with 
many qualities (manifeſt and occult) not only.ſuch as are common to it with other ſalts, 
as tranſparency, brittleneſs, ſolubleneſs in water, c. but ſuch as are properties peculiar 
to it, as greenneſs, eaſineſs of fuſion, ſtypticity of taſte, a peculiar ſhape, a power to 
{trike a black with infuſion of galls, an emetick faculty, Cc. 

Tux other thing we are to conſider is, that though theſe qualities are in common 
vitriol believed to flow from the ſubſtantial form of the concrete ; and may as juſtly as 
the qualities, whether manifeſt or occult, of other inanimate bodies, be employed as 
arguments to cvince ſuch a form: yet in our vitriol, made with {ſpirit of ſalt, the ſame 
qualities and properties were produced by the aſſociating and juxta- poſition of the two 
ingredients, of which the vitriol was compounded z the myſtery being no more but this, 
that the ſteel being diſſolved in the ſpirit, the ſaline particles of the former, and the me- 
talline ones of the latter having each their determinate ſhapes, did, by their aſſociation, 
compoſe divers corpuſcles of a mixed or compounded nature, from the convention of 
many whereof there reſulted a new body of ſuch a texture, as qualified it to affect our 
ſenſories, and work upon other bodies, after ſuch a manner as common vitriol is wont to 
do. And indeed in our caſe, not only it cannot be made appear, that there is any 
ſubſtantial form generated anew, but that there is not ſo much as an exquilite mixture, 
according to 4 common notion the ſchools have of ſuch a mixture. For both the ingre- 
dients retain their nature (though r ſomewhat altered) ſo that there is, as we 
were ſaying, but a juxta- poſition of the metalline and ſaline corpuſcles; only they are 
aſſociated io, as by the manner of their coalition to acquire that new texture which de- 
nominates the magiſtery they compoſe, vitriol. For it is evident that the ſaline in- 
gredient may either totally, or for much the greateſt part be ſeparated by diſtillation, the 
metalline remaining behind. Nay, ſome of the qualities we have been aſcribing to our 
vitriol, do ſo much depend upon texture, that the very beams of the ſun (converged) 
will, as I have purpoſely tried, very eaſily alter its colour, as well as ſpoil its tranſparen- 
cy, turning it at firſt from green to white; and, if they be-concentred by a good burn» 


ing-glals, making it change that hvery for a deep red, 
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ND here let me take notice, that though the exact and curious figures, in which 
vitriol and other ſalts are wont to ſhoot, be made arguments of the preſence, and 

great inſtances of the plaſtick {kill of ſubſtantial forms and ſeminal powers; yet, I con- 
teſs, I am not ſo fully ſatisfied in this matter, as even the modern philoſophers appear 
to be. It is not that I deny that Plato's excellent ſaying, y:wr2:i 6 Ses, may be ap- 
plied to theſe exquiſite productions of nature. For though God has thought fit to make 
things corporeal after a much more facile and intelligible way, than by the intervention 
of ſubſtantial forms z and though the plaſtick power of ſeeds, which in plants and ani- 
mals I willingly admit, ſeem not in our caſe to be needful; yet is the divine archite's 
| : geometry 
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geometry (if I may ſo call it) nevertheleſs to be acknowledged and admired. For having 
been pleaſed to make the primary and inſenſible corpuſcles of ſalts and metals of ſuch 
determinate, curious, and exact ſhapes, that as they happen to be aſſociated together, 
they ſhould naturally produce concretions ; which, though differingly figured, accord- 
ing to the reſpective natures of their ingredients, and the various manners of their con- 
vening, ſhould yet be all of them very curious, and ſeem elaborate in their kinds ; how 
little I think is fit tg be allowed, that the bodies of animals, which conſiſt of ſo many 
curiouſly framed and wonderfully adapted organical parts, and whoſe ſtructure is a thou- 
ſand times more artificial than that of ſalts and ſtones, and other minerals), can be rea- 
ſonably ſuppoſed to have been produced by chance, or without the guidance of an intel- 


ligent author of things, I have elſewhere largely. declared. But I confeſs I look upon 
theſe figures we admire in ſalts, and in ſome kind of ſtones (which I have not been 


incurious to collect) as textures ſo ſimple and flight, in compariſon of the bodies of 
animals, and oftentimes in compariſon of ſome one organical part, that I think it cannot 
be in the leaſt inferred, that becauſe ſuch flight figurations need not be aſcribed to the 
plaſtick power of ſeeds, it is not neceſſary, that the ſtupendous and incomparably more 
elaborate fabrick” and ſtructure of animals themſelves ſhould be ſo. And this premiſed 


T ſhall add, that I have been inclined to the conjecture about the ſhapes of falts, that I 


lately propoſed by theſe conſiderations. - 


FirxsT, That by a bare aſſociation of metalline and ſaline corpuſcles, a concrete, as 


finely figured as other vitriols may be produced, as we have lately ſeen. 


SeconNDLY, Becauſe that the figures of theſe ſalts are not conſtantly in all reſpects 


the ſame, but may in divers manners be ſomewhat varied, as they happen to be made 


to ſhoot more haſtily or more leiſurely, and as they ſhoot in ſcanter or fuller proportion 


of liquor. This may be eaſily obſerved by any that will but with a little attention con- 


ſider the difference that may be found in vitriolate cryſtals or grains, when quantities 


of them were taken out of the great coolers, as they call them, wherein that ſalt, at the 
works where it is boiled, is wont to be ſet to ſhoot, And accordingly where the ex- 
perienced mineraliſt Agricola deſcribes the ſeveral ways of making vitriol in great quan- 


tities, he does not only more than once call the great grains or cryſtals, into which it 
coagulates, cubes ; but A of the manner of their concretion about the cords or 


ropes, that are wont (in Germany) to be hanged from certain croſs bars into the vitriolate 
water er ſolution for the vitriol to faſten itſelf to, he compares the concretions indifferently 


to cubes or cluſters of grapes; Ex his (ſays he, ſpeaking of the croſs- bars) pendent reſtes 
lapillis extentæ, ad quos humor ſpiſſus adbæreſcens denſatur in tranſiucentes atramentt ſutori? 


vel cubos, vel acinos, qui uve ſpeciem gerunt *. I remember alſo, that having many 
years ſince a ſuſpicion that the reaſon why alkalies, ſuch as ſalt of tartar and pot-aſhes, 
are wont to be obtained in the form of white powders or calces, might be the way 


wherein the water of the lixiviums, that contain them, is wont to be drawn off; I 


fancied that by leaving the ſaline corpuſcles a competent quantity of water to ſwim in, 
and allowing them leiſure for ſuch a multitude of occurſions as might ſuffice to make 
them hit upon more congruous coalitions than is uſual, I might obtain cryſtals of them, 


as well as of other ſalts: conjecturing this, I ſay, I cauſed ſome well purified alkalies 


diſſolved in clear water to be ſlowly evaporated, till the top was covered with a thin 1ce- 
like cruſt ; then taking care not to break that, leſt they ſhould (as in the ordinary way, 
where the water is all forced off) wart a juffcient ſtock of liquor J kept them in a very 


gentle heat for a good while; and then breaking the above-mentioned ice- like cake, I 


® Georg. Agricola de re nuctall. lib. 12. p-. 452. 


had, 
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had, as I wiſhed, divers figured lumps of cryſtalline ſalt ſhot in the water, and tranſ- 
parent almoſt like white ſugar-candy. | | 

ILIE EwISsE remember that having on ſeveral occaſions diſtilled a certain quantity of 
oil of vitriol with a ſtrong ſolution of ſea-falt, till the remaining matter was leſt dry, 
that ſaline reſidue being diſſolved in fair water, filtered, and gently evaporated, - would 


ſhoot into cryſtals, ſometimes of one figure, ſometimes of another, according as the 


quantity or ſtrength of the oil of vitriol and other ſubſtances determined. And yet theſe 
- cryſtals, though ſometimes they would ſhoot into priſm-like figures, as roched petre; 


and ſometimes into ſhapes more like to allom or vitriol; nay, though oftentimes the 
ſame caput mortuum diſſolved would in the ſame glaſs ſhoot into cryſtals, whereof ſome 
would be of one ſhape, ſome of another; yet would theſe differing grains or cryſtals 
appear for the moſt part more exquiſitely figured, than oftentimes vitriol does. From 
fpirit of urine and ſpirit of nitre, when I have ſuffered them to remain long together be- 
fore coagulation, and freed the mixture from the ſuperfluous moiſture very lowly, I 
have ſometimes obtained fine long cryſtals (fome of which 1 can ſhew you) ſo ſhaped, 
that moſt beholders would take them for cryſtals of ſalt-petre. And I have likewiſe 
tried, that whereas ſilver is wont to ſhoot into plates exceeding thin, almoſt like thoſe 
of Moſcovia glaſs, when I have diſſolved a pretty quantity of it in aqua fortis or ſpirit 
of nitre, and ſuffered it to ſhoot very leiſurely, I have obtained lunar cryſtals, (ſeveral 
of which I have yet by me), whoſe figure, though ſo pretty as to have given ſome 
wonder even to an excellent geometrician, is differing enough from that of the thin 
plates formerly mentioned; each cryſtal being compoſed of many ſmall and finely 
Maped ſolids, that ſtick ſo congruouſly to one another, as to have one ſurface that ap- 
peared plain enough, common to them all. | 
THIRDLY, That inſenſible corpuſcles of different, but all of them exquiſite ſhapes, 
and endowed with plain, as well as ſmooth ſides, will conſtitute bodies variouſly, but all 
very finely figured ; I have made uſe of ſeveral ways to manifeſt. And firſt, though 
harts horn, blood, and urine, being reſolved, and (as the chymiſts ſpeak) analyzed by 
diſtillation, may well be ſuppoſed to have their ſubſtantial forms (if they had any) de- 
ſtroycd by the action of the fire; yet in regard the ſaline particles they contain, are en- 
dowed with ſuch figures as we have been ſpeaking of, when in the liquor, that abounds 
with either of theſe volatile ſalts, the diſſolved particles do leiſurely ſhoot into cryſtals, I 
have divers times obſerved in theſe many maſſes (ſome bigger and ſome leſs) whoſe 
ſurfaces had plains, ſome of figures, as to ſenſe, exactly geometrical, and others very 
curious and pleaſant, And of theſe finely ſhaped cryſtals of various ſizes, I have pretty 
fore by me. And becauſe (as it may be probably gathered from the event) the ſaline 
corpuſcles of ſtillatitious acid liquors, and thoſe of many of the bodies they are fitted to 
diſſolve, have ſuch kind of figures as we have been ſpeaking of, when the ſolutions of 
thefe bodies, upon the receſs of the ſuperfluous moiſture, ſhoot into cryſtals ; * theſe, 
though they will ſome times be differing enough, according the particular natures of 
the diſſolved bodies and the menſtruum, yet either the cryſtals themſelves, or their 
ſurfaces, or both, will oſtentimes have fine and exquiſite figures; as I have tried by a 
menſtruum, wherewith I was able to diſſolve ſome gems, as alſo with a ſolution of coral 
made with ſpirit of verdigreaſe, to omit other examples. And for the ſame reafon 
when | tried, whether the particles of ſilver, diſſolved in aqua fortis, would not, with- - 
out coagulating with the ſalts, convene, upon the account of their own ſhapes, into 
little concretions of ſmooth and flat ſurfaces, I found that having (to afford the metal- 
line corpuſcles ſcope to move in) diluted one part of the ſolution with a great many 
parts of diſtilled rain-water, for common water will often- times make ſuch ſolutions be- 
come white or turbid) a plate oſ copper being ſuſpended in the liquor, and ſuffered to 
| lie 
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lie quiet there a while, (for it need not be long) there would ſettle all about it ſwarms 
of little metalline and undiaphanous bodies, ſhining in the water like the ſcales of ſmall 
fiſhes, but formed into little plates extremely thin, with ſurfaces not only flat, but ex- 
ceeding gloſly : and among thoſe, divers of the larger were prettily figured at the edges. 
And as for gold, its corpuſcles are ſufficiently diſpoſed to convene with thoſe of fit or 
congruous falts into concretions of determinate ſhapes, as I have found in the cryitals 
obtained from gold diſſolved in aqua regis, and after having been ſuffered to lole its 
ſuperfluous moiſture, kept in a cold place; and not only ſo, but alſo when, by a more 
powerful menſtruum, I had ſubdivided the body of gold into ſuch minute particles, 
that they were ſublimable, (for that I can aſſure. you is poſſible ;) theſe volatile particles 
of gold, with the ſalts. wherewith they were elevated, afforded me (ſometimes) ſtore of 
cryſtals, which, though not all of them near of the ſame bignels, reſemblcd one ano- 
ther in their ſhape, which was regular enough, and a very pretty one. But of this 
more elſewhere. ; 

$ I REMrMBER I have long ſince taken pleaſure to difſolve two or more of thoſe 
ſaline bodies, whoſe ſhapes we know already, in fair water, that by a very gentle eva- 
poration I might obtain concretions whoſe ſhapes ſhould be, though curious, yet differ- 
ing from the figure of either of the ingredients. But we muſt not expect that in all caſes 
the ſalts diſſolved together ſhould be totally compounded : for oftentimes they are of 
ſuch different natures, that one will ſhoot much ſooner than another, and then it fre- 
quently happens, that a good proportion of that will be firſt cryſtallized in its own 
ſhape; as is conſpicuouſly to be obſerved in the refining of that impure petre, (which 
from the country, that affords it, the purifiers call Barbary nitre), from the common 
ſalt it abounds with: and (alſo) as Agricola obſerves *, that in ſome caſes, where a vitti- 
olate matter is mingled with that which yields allom, thoſe two kinds of ſalts will ſhoot 
ſeparately in the ſame large veſſel; (which the trials I have made with the compounded 
ſolutions of thoſe two ſalts do not diſcountenance.) Now in ſuch caſes all that can be 
expected, or need be deſired, is, that the remaining part of the mixture, or ſome por- 
tion of it, afford cryſtals or grains of compounded ſolid figures. Though the Venetian 
borax, wont to be ſold in ſhops, be known to be a factitious body, compounded of ſeveral 
falts, that I ſhall not now ſtay to enumerate; and though when we buy it, we uſually find 
it to conſiſt of lumps and grains miſhapen enough, yet when I diſſolved ſome of it in a 
good quantity of fair water, and made it coagulate very leiſurely, I had cryſtals, upon 
whoſe ſurfaces I could perceive very exquiſite, and, as to ſenſe, regular and geometri- 
cal figures. And one thing I muſt not here by any means pretermit, which is, that 
though the caput mortuum of common aqua fortis conſiſts of bodies of very differing na- 
tures (for ſuch are nitre and vitriol), and has been expoſed to a great violence of the 
fire; yet I have ſometimes admired the curiouſneſs of thoſe figures, that might be ob- 
tained barely by frequent ſolutions and coaguiations of the ſaline particles of this caput 
mortuum in fair water. But becauſe the glaſſes wherein my concretions were made, 
wrre too little to afford great cryſtals, and they ought to ſhoot very ſlowly; I choſe 
rather to ſhew the curious ſome large cryſtals, which I took out of the laboratory of an 
ingeniqus perſon, who, without minding the figures, had upon my recommendation 
made great quantity of that ſalt in large veſſels for a medicine; (it being the Panacea 
duplicata, ſo famous in Helftein). For divers of theſe cryſtals have not only triangles, 


hexagons, and rhomboides, and other figures exquiſitely cut on their ſmooth and ſpecular 


{urfaces, and others, bodies of priſmatical ſhapes : but ſome of them are no leſs accu- 
rately figured than the fineſt nitre or vitriol I remember myſelf to have obſerved, and 


* G. Agricola de Re Metallica, lib. 12. | 
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ſome alſo terminate in bodies almoſt like pyramids, conſiſting of divers triangles, that 


meet in one vertical point, and are no leſs admirably ſhaped, than the fairer ſart of - 


Corniſh diamonds, that have been brought me for rarities. Beſides the producing of 
ſalts of new ſhapes by compounding of ſaline bodies, I have found it to be practi- 
cable not only in ſome groſs, or, as they ſpeak, corporal ſalts, ſuch as ſea- ſalt, ſalt- 
petre, but alſo in ſome natural and ſome chymical ſalts diſſolved together, and which 
perhaps you will think more conſiderable in ſaline ſpirits made by diſtillation ; not that 
all of them are fit for this purpoſe, but that I have found divers of thoſe that work 
upon one another with ebullition, to be ſo. For in that conflict the ſaline corpuſcles 
come to be affociated to one another, and thereby, or by their newly acquired figure, 
whilſt their coalition laſts, to loſe much of their former volatility : ſo that upon evapo- 
ration of the ſuperfluous liquor, they will not fly as otherwiſe they might, but coagu- 
late into finely ſhaped cryſtals, as I have tried, among other ſaline liquors, with ſpirit 
of urine, and ſpirit of nitre, and with oil of vitriol, and ſpirit of fermented urine, with 
ſpirit of ſheep*s blood, and ſpirit of ſalt, and alſo with the ſpirits of ſalt and urine ; which 
laſt experiment I the rather mention, becauſe it ſhews by the difference of the cryſtals, 
afforded by thoſe two liquors from the cryſtals reſulting from one of them, namely, the 
ſpirit of urine (or, if you pleaſe, the volatile ſalt wherewith it abounds), coagulated 
with a fit doſe of oil of vitriol, how much thoſe compound emergent figures depend 


upon the more {imple figures of the ſaline corpuſcles, that happen to convene into thoſe 


new concretes, For the ſpirit of urine ſatiated with ſpirit of ſalt, and both very gently, 
and not too far evaporated, often afforded me cryſtals that differed exceedingly in ſhape 
from thoſe which I obtained from the ſame ſpirit of urine, ſatiated either with oil of 
vitriol, or with ſpirit of nitre. For (to add that upon the by) that ſalt, compounded 
of the two ſpirits of urme and of common ſalt, is wont to be very pretiily figured, con- 
ſiſting of one long beam as it were, whence on both ſides iſſue out far ſhorter cryſtals, 
ſometimes perpendicular to that, and parallel to one another like the teeth in a comb. 
and ſometimes ſo inclining as to make the whole appear almoſt hke a feather ; which is 
the more remarkable, becauſe I have (many years ago) obſerved that common ſal-armo- 
niack that is made of urine and common ſalt, both crude, with a proportion of ſoot, 
will, if warily diſſolved and coagulated, ſhoot into cryſtals of the like ſhape, How far 
the unknown figure of a ſalt may poſſibly (for I fear it will not eaſily) be gueſſed at by 
that of the figure which it makes with ſome other ſalt, whoſe figure is already known, I 
leave to geometricians to conſider; having, I fear, inſiſted too long on this ſubject 
already. But yet I muſt add one particular more, which will as well illuſtrate and 
confirm much of what has been ſaid above touching the organization of vitriol, as 


| ſhew that the ſhape of vitriol depends upon the texture of the bodies whereof it is 


compoſed, 


FourTHLY, then, when I conſidered that (as I formerly noted) vitriol being but a 
magiſtery, made by the concoagulation of the corpuſcles of a diſſolved metal with thofe 
of the menſtruum, the magiſteries of other metals might, without inconvenience, be ad- 
ded, as other vitriolate concretes, to the green, the blue, and white vitriol, that are 
without ſcruple referred to the ſame ſpecies : and when I conſidered that oil of vitriol 
was not a fit menſtruum to diſſolve divers of the metals, nor even all thoſe that it will 
corrode ; and that the like unfitneſs alſo is to be found in common ſpirit of ſalt; I 


pitched upon aqua fortis, or ſpirit of nitre, as that menſtruum which was likelieſt to 


afford variety of vitriols. And accordingly I found, that beſides the lovely vitriol of 


copper formerly mentioned, that liquor would with quickſilver afford one ſort of cryſtals, 
with ſilver another, and with lead a third; all which cryſtals of vitriol, as they differed 


from each other in other qualities (upon which ſcore you will find this experiment elſe- 


where 
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where mentioned), ſo they did very manifeſtly and conſiderably differ in ſhape ; the 
cryſtals of ſilver ſhooting in exceeding thin plates, and thoſe of lead and quickſilver ob- 
taining figures, though diffcring enough from each other, yet of a far greater depth and 
thickneſs, and leſs remote from the figure of common vitriol or ſea- ſalt: and yet all theſe 
vitriols, eſpecial that of crude lead, when it was happily made, had ſhapes curious and 
elaborate, as well as thoſe we admire in common vitriol or ſea-falt. 

Ir then theſe curious ſhapes, which are believed to be of the admirableſt effects, and 
of the ſtrongeſt proofs of ſubſtantial forms, may be the reſults of texture ; and if art can 
produce vitriol itſelf as well as nature, why may we not think that in ordinary phæno- 
mena, that have much leſs of wonder, recourſe is wont to be had to ſubſtantial forms 
without any neceſſity ? (matter, and a convention of accidents being able to ſerve the 
turn without them ;) and why ſhould we wiltully exclude thoſe productions of the fire, 
wherein the chymiſt is but a ſervant of nature, from the number of natural bodies ? 
And indeed ſince there is no certain diagroſtick agreed on whereby to diſcriminate natural 
and factitious bodies, and to conſtitute the ſpecies of both; I ſee not why we may not 
draw arguments from the qualities and operations of ſeveral of thoſe that are called 
factitious, to ſhew how much may be aſcribed to, and performed by the mechanical cha- 
racterization, or ſtamp of matter; of which we have a noble inftance in gun-powder, 

wherein, by a bare comminution and blending the ingredients, nitre, charcoal, and 
brimſtone, which have only a new, and that an exceeding flight contexture, each retain- 
ing its own nature in the mixture, ſo that there is no colour afforded to the pretence of 
a ſubſtantial form; there is produced a new body, whoſe operations are more powerful 
and prodigious than thoſe of almoſt any body of nature's own compounding. And 
though glaſs be but an artificial concrete, yet, beſides that it is a very noble and uſeful 
one, nature herſelf has produced very few, if enough to make up.a number more laſti 
and more unalterable. And indeed divers of thoſe factitious bodies that chymiſtry is 
able to afford us, are endowed with more various and more noble qualities than many 
of thoſe that are unqueſtionably natural. - And if we admit theſe productions into the 
number of natural bodies, they will afford us a multitude of inſtances to ſhew that 
bodies may acquire many and noble qualities, barely by having mechanical affections in- 
troduced by outward agents into the matter, or deſtroyed there. As though glaſs be 
ſuch a noble body as we have lately taken notice of, yet ſince its fuſibility, tranſparency, 
and brittleneſs, that are its only conſtituent attributes, we can in leſs than an hour (or 
perhaps half that time) turn an opacous body into tranſparent glaſs without the addition 
of any other viſible body, by a change of texture made in the ſame matter, and by ano- 
ther change of texture, made without addition, as formerly, we can in a trice reduce 
glaſs into, or obtain from it, a body not glaſſy, but opacous, and otherwiſe of a very 


different nature, as it had been before. And here let me add what may net a little con- 


duce to our preſent deſign, that even thoſe that embrace Ariſtotle's principles, do un- 
awares confeſs that a ſlight change of texture, without the introduction of a ſubſtantial 
form, may not only make a ſpecifical difference betwixt bodies, but ſo vaſt a one, that 
they ſhall have differing geniuſes, and may (as the chymiſts ſpeak) belong to different 
kingdoms. For coral, to paſs by all other plants of that kind that may be mentioned to 
the ſame purpoſe, whilſt it grows in the bottom of the ſea, is a real plant, and fevera! 
times (which ſuffices for my preſent ſcope) hath been there found by an acquaintance ot 
mine, as well as by other enquirers, ſoft and tender like another plant: nay, I elſewhere * 
bring very good and recent authority to prove that it is oftentimes found very ſucculent, 
and does propagate its ſpecies as well as other ſhrubs ; and yet coral being gathered and 
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removed into the air, by the receſs of its ſoul, no new lapidifick form being ſo much as 
pretended to, turns into a concretion, that is by many eminent writers, and others 
reckoned among Japideous ones: as indeed coral does not burn like wood, nor obey diſ- 
tillation like it; and not only irs calx is very differing from the aſhes of vegetables, and 
is totally ſoluble in divers acid liquors, and even ſpirit of vinegar, but the uncalcined 
coral itſelf will be eaſily corroded by good vinegar, after the ſame manner as I have ſeen 
lapis ſtellaris, and other unqueſtionably mineral ſtones diſſolved, ſome by that liquor, and 
ſome by the ſpirit of it. A much ſtranger thing may be ſeen in the Eaſt-India iſland of 
Sombrero, not very far from Sumatra, if we may believe our countryman Sir James 
Lancaſter, who relates it as an eye-witneſs, for which reaſon, and for the ſtrangeneſs of 
the thing, I ſhall add the ſtory in his own words. Here (Þ ſays he, ſpeaking of the 
coaſt of Sombrero) we found upon the ſand by the ſea fide a ſmall twig growing up to a 
young tree; and offering to pluck up the ſame, it ſhrunk down into the ground, and ſinketh 
unleſs you hold very bard, And being plucked np, a great worm 1s the root of it : and look 
how the tree groweth in greatneſs, the worm diminiſheth. Now as ſoon as the worm is 
wholly turned into the tree, it rooteth in the ground, and ſo groweth to be great. This 
transformation was one of the greateſt wonders I ſaw in all my travels, This tree being 
plucked up a little, the leaves ſtripped off, and the peel, by that time it was dry, turned 
into a hard ſtone, "much like to white coral. So that (concludes he) this worm was twice 
transformed into different natures: of theſe we gathered and brought home many. The 
induſtrious Piſa, in his excellent hiſtory of Braf/ vouches a multitude of witneſſes (not 
having opportunity to be one himſelf) for the ordinary transformation of a ſort of animals 
(not much unlike graſhoppers) into vegetables, at a certain ſeaſon of the “ year, 

Bur ſince I ſet down this relation of Sir Fohn Lancaſter, I have met with another, 
whoſe ſtrangeneſs may much countenance it, in a ſmall tract newly publiſhed by a Jeſuit, 
F. Michael Boym, whom a good critick much commended to me. For this author doth, 

as an eye-witnels affirm, that which is little leis to my preſent purpoſe : Þ Je vis, Sc. i. e. 
1 ſaw ina ſmall freſb- water and ſhallow lake of the ifland Hainan (which belongs to China) 
crabs or craw-fiſhes, which, as ſoon as they were drawn out of the water, did in a mo- 
ment loſe both life and motion, and became petrified, though notbing appeared to be changed 
either in the external or internal figure of their bodies, What he turthes adds of theſe 
fiſhes is but of their virtues in phyſick, which not concerning our ſubject, I ſhall, Pyro- 
pbilus, willingly pretermic it; and even as to our countryman's. relation, hoping by 
means of an ingenious correſpondent in the Eaſt Indies, to receive a further information 
about the ſtrange plant he mentions, I ſhall at preſent urge only what has been taken 
notice of concerning coral, to countenance the obſervation for whoſe ſake theſe nar- 
ratives have been alledged. And fo likewiſe as to what I was ſaying of glaſs and gun- 
powder, our receiving of thoſe, and the generality of factitious bodies into the catalogue 
of natural bodies, is not (which I formeriy alſo intimated) neceſſary to my preſent argu- 
ment: whereto it is ſufficient that vitriol is granted on all hands to be a natural body, 
though it be alſo producible by art. And allo to the argument it affords us we might 
add that memorable experiment delivered by Helmont, of turning oil of vitriol into allom, 
by the odour (as he calls it) of mercury, if however it be not deſpicable, we had found 
it fit to be relied on. But reſerving an account of that for another place, we ſhall ſub- 
ſtitute the inſtance preſented us by our author about the production of ſalt-petre : for 


+ Purchas Pilgr. Part the firſt, p. 152. 


* The paſſage, which is long, 1 do not here tranſcribe, having had occaſion to do it elſewhere. It is 


extant, lib. 5, cap. 21. and at the cloſe of his narrative he ſubjoins, Nen ot, quod qui/quam de weritare 
dubitet, cum infinitos tefies habeat Braſilia, Qc. | : 


4 Flora Sinenfis, ou Traite des Fleurs, Cc. under the Title Lonmeoguet. 
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if, having diſſolved pot-aſhes in fair water, you coagulate the filtrated ſolution into a 
white ſalt, and on that pour ſpirit of nitre till they will not hiſs any longer; there will 
ſhoot when the ſuperfluous water is evaporated, cryſtals, that proclaim their nitrous 
nature by their priſmatical (or at leaſt priſm-like) ſhape, their eaſy fuſion, their accen- 


ſion, and deflagration, and other qualities partly mentioned by our author, and partly 
diſcoverable by a little curioſity in making trials, 


* 
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HE former of thoſe two arguments, Pyropbilus, by which I propoſed to confirm 
the origin of forms, was, as you may remember, grounded upon the manner b 

which ſuch a convention of accidents, as deſerves to paſs for a form, may be produced : 
and that having been hitherto proſecuted, it now remains that we proceed to the ſecond 
argument, drawn not (as the former) from the firſt production, but from the repro- 
duQtion of a phyſical body. And though both theſe arguments are valid, yet if this 
latter could, in ſpite of the difficulties intervening in making of the experiments that be- 
longs to it, be as clearly made out as the former, you would, I ſuppoſe, like ic much 
the better of the two. For if we could reproduce a body which has been deprived of 
its ſubſtantial form, you would, I preſume, think it highly probable, if net more than 
probable, that (to borrow our author's own expreſſion) that which is commonly called 
the form of a concrete, which gives it its being and denomination, and from whence all 
its qualities are in the vulgar philoſophy, by I know not what inexplicable ways, ſup- 


Poſed to flow, may be in ſome bodies but a characterization or modification of the mat- 


ter they conſiſt of; whoſe parts by being ſo and fo diſpoſed in relation to each other, 
conſtitute ſuch a determinate kind of body, endowed with ſuch and fuch properties : 
whereas if the ſame parts were otherwiſe difpoſed, they would conſtitute other bodies of 
very differing natures from that of the concrete, whoſe parts they formerly were, and 
which may again reſuit or be produced after its diſſipation, and ſeeming deſtruction, 
by the re-union of the ſame component particles, aſſociated according to their former diſ- 

ſition, 

Bur though it were not poſſible to make an adequate redintegration of a chymi- 
cally analyzed body, becauſe ſome of the diſſipated parts will either eſcape through the. 


junctures of the veſſels (though diligently cloſed), or if they be very ſubtile, will fly 


away upon the disjoining of the veſſels, or will irrecoverably ſtick to the inſide of them: 
yet | ſee not why ſuch a reproduction, as is very poſſible to be effected, may not ſuffice 
to manifeſt what we intend to make out by it, For even in.ſuch experiments it appears, 
that when the form of a natural body is aboliſhed, and its parts violently ſcattered by. 
the bare re-union of ſome parts after the former manner, the very. ſame matter the de- 
ſtroyed was before made of, may, without addition of other bodies, be brought again to. 
conſtitute a body of the like nature with the former, thongh not of equal bulk. And in- 


deed the experiment recorded by our author about the reproduction of ſalt-petre, as it is. 


the beſt and ſucceſsfulleſt I have ever been able to make upon bodies, chat require a 
ſtrong heat to diſſipate them; ſo I hope it will ſuffice to give you thoſe thoughts about 
this matter that the author deſigned in alledging it; and therefore, though having. 
premiſed thus much, I ſhall proceed to acquaint you with the ſucceſs of ſome attempts 
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he intimates (in that eſſay) his intention of making for the redintegration of ſome bo- 
dies; yet doing it out of ſome hiſtorical notes, I find among my looſe papers, that 
which I at preſent pretend to, is but partly to ſhew you the difficulty of ſuch attempts, 
which ſince our author's eſſay was communicated, have been repreſented (I fear by con- 
jecture only) as very eaſy to be accurately enough done; and partly becauſe our author 
does not without reaſon intimate the uſefulneſs of redintegrations, in caſe they can be 
effected; and does not cauſeleſly intimate that ſuch attempts, though they ſhould not 
pertectly ſucceed, may increaſe the number of noble and active bodies, and conſequently 
the inventory of mankind's good. ) 

UPeon ſuch conGderations we attempted the diſſipation and re- union of the parts of 
common amber; and though chymiſts for fear of breaking their veſſels, are wont when 
they commit it to diftillation, to add to it a caput mortuum (as they ſpeak) of ſand, brick, 
Sc. (in whoſe room we ſometimes chuſe to ſubſtitute beaten glaſs ;) which hinders them 
to judge of and employ the remanence of amber after the diſtillation is finiſned; yet 
we ſuppoſed and found that if the retort were not too much filled, and if the fire were 


| Nowly and warily enough adminiſtered, the addition of any other body would be need- 


leſs. Wherefore having put into a glaſs retort four or five ounces of amber, and ad- 
miniſtred a gentle and gradual heat, we obſerved the amber to melt and bubble (which 
we therefore mention becauſe ingenious men have lately queſtioned whether it can be 
melted), and having ended the operation and ſevered the veſſels, we found that there 
was come over in the form partly of oil, partly of ſpirit and phlegm, and partly of 
volatile ſalt, near half the weight of the concrete: and having broken the retort, we 
found in the bottom of it a cake of coal-black matter, than whoſe upper ſurface I ſcarce 
remember to have ſeen in my whole life any thing more exquiſitely poliſhed ; inſomuch 
that, notwithſtanding the colour, as long as I kept it, it was fit to ſerve for a looking- 
glaſs : and this ſmooth maſs being brok&n (for it was exceeding brittle), the large frag- 
ments of it appeared-adorned with an excellent luſtre. All thoſe parts of the amber being 
put together into a glaſs body, with a blind head luted to it, were placed in ſand to be 


incorporated by a gentle heat: but whilſt I ſtept aſide to receive a viſit, the fire having 


been increaſed without my knowledge, the fumes aſcended ſo copiouſly, that they lifted 
up the veſſel out of the ſand, whereupon falling againſt the ſide of the furnace, it broke 
at the top, but being ſeaſonably called, we ſaved all but the fumes; and the remaining 
matter looks not unlike tar, and with the leaſt heat may be poured out like a liquor, 
ſticking, even when it is cold to the fingers. Yet this opening body doth not caſily 
communicate ſo much as a tincture to ſpirit of wine, which therefore ſeems ſomewhat 
ſtrange, becauſe another time preſuming that this would be a good way to obtain a ſolu- 
tion of ſome of the reſinous parts] of amber, we «did, by pouring ſpirit of wine, that 
(though rectified) was not of the very beſt, upon the re- united parts of amber, lightly 
digeſted into a maſs, eaſily obtain a clear yellow ſolution, very differing from the tinc- 
ture of amber, and abounding (as I found by trial) in the diſſolved ſubſtance of the 
amber: but in oil of turpentine we have in a ſhort time diſſolved it into a blood- red bal- 
ſam, which may be of good uſe (at leaſt) to chirurgeons. And having again made 


the former experiment with more warineſs than before, we had the like ſucceſs in 


our diſtillation, but the re-united parts of the amber being ſet to digeſt in a large bolt- 
head, the liquor, that was drawn off, did in a few hours, from its own caput mortuum, 
extract a blood-red tincture, or elſe made a ſolution of ſome part of it, whereby it ob- 
tained a very deep red; but having been by intervening accidents, hindered from 
finiſhing the experiment, we miſſed the ſatisfaction of knowing to what it may be 
brought at laſt. | | 

| AND 


the Redintegration of Bodies. 


Ant as for what our author tells us of this deſign to attempt the redintegration of vi- 
triol, turpentine, and ſome other concretes, wherein it ſeemed not unpracticable, he found 
in it more difficulty than every one would expect. For the bodies on which ſuch experi- 
ments are likelieſt to ſucceed, ſeem to be allum, ſea-ſalt, and vitriol. And as for al- 
lum, he found it a troubleſome work to take (as a Spagyriſt would ſpeak) the principles 
of it aſunder, in regard that it is inconvenient to diſtil it with a caput mortuum, (as 
chymiſts call any fixed addittament) leſt that ſhould hinder the deſired redintegration of 
the diſſipated parts. And when he diſtilled it by itſelf without any ſuch additament, he 
found that with a moderate heat the allum would ſcarce part with any thing but its 
phlegm; and if he urged it with a ſtrong fire, he found it would ſo ſwell, as to endanger 
the breaking of the retort, or threaten the boiling over into the receiver. (Yet having 
once been able very warily to abſtract as much phlegm and ſpirit as I conveniently 

could, from a parcel of roch allum, and having poured it back pon that pulverized 
caput mortuum, and left the veſſel long in a quiet place, I found that the corpuſcles of 


the liquor having had time after a multitude of occurſions to accommodate and re- unite 


themlelves to the more fixed parts of the concrete, did, by that aſſociation (or diſ- 
ſolution) recompoſe, at the top of the powder, many cryſtalline grains of finely figured 
ſalt, which increaſing with time, made me hope that at the length the whole, or 
the greateſt part wouid be reduced into allum, which yet a miſchance that robbed me 
of the glaſs, hindered me to ſee. So likewiſe of ſea-falt, if it be diſtilled, as it is 
uſual, with thrice its weight of burned clay, or beaten brick, it will prove inconvenient 
in reference to its redintegration : and if it be diſtilled alone, it is apt to be fluxed by the 
heat of the fire, and whilſt it remains in fuſion will ſcarce yield any ſpirit at all. And 
as for vitriol, though the redintegration of it might ſeem to be lets hopeful than that of 
the other ſalts, in regard that it conſiſts not only of a ſaline, but of a metalline body, 
whence it may be ſuppoſed to be of a more intricate and elaborate texture; yet becauſe 
there needs no caput mortuum in the diſtillation of it, we did, to purſue our author's in- 
timated deſigns, make two or three attempts upon it, and ſeemed to miſs of our aim, 
rather upon the account of accidental hindrances, than of any inſuperable difficulty in 
the thing itſeff, For once we with a ſtrong fire, drew off from a parcel of common 
blue vitrio!, the phlegm and ſpirit, and ſome quantity of the heavy oil, (as chymiſts 
abuſively call it): theſe liquors, as they came over without ſeparation, we divided into 
ſeveral parts, and the remaining very red caput mortuum into as many. One of thele 
parcels of liquor we poured over night upon its correſpondent portion of the newly 
mentioned red powder: but having left it in a window, and the night proving very bit- 
ter, in the morning I found the glaſs cracked in many places by the violence of the 
froſt, and the liquor ſeemed to have been ſoaked up by the powder, and to have very 
much ſwelled it. This mixture then I took out, and placing it in an open-mouthed 


glaſs in a window, I found after a while, divers grains of pure vitriol upon the other | 


matter, and fome little ſwellings, not unlike thoſe we ſhall preſently have occaſion to 
ſpeak of, 1 took likewiſe a much larger parcel of the fore-mentioned liquor, and its 
correſpondent proportion of caput mortuum; and having leiſurely mixed them in a large 
glals baſon, I obtained divers phænomena, that belong not to this place, but may be 
met with where they will more properly fall in. In this baſon which I laid in the win- 
dow, and kept from agitaticn) I perceived, after a while, the liquor to acquire a bluith 
tincture, and after ten or twelve weeks I found the mixture dry (for it ſeems it was too 
much expoſed to the air); but the ſurface of it adorned in divers places, with grains of 
vuriol very curiouſly figured. 


And 


— 
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And beſides theſe, there were ſtore of protuberances, which conſiſted of abundance of 
ſmall vitriolate particles, which ſeemed in the way to a coalition ; for having let the 
baſon alone for four or five months. longer, the matter appeared cruſted over, partly 
with very elevated faline protuberances, partly with leſſer parcels, and partly alſo with 
conſiderable broad cakes of vitriol, ſome of above half an inch in breadth, and propor- 
fionably long : and indeed the whole ſurface was ſo oddly diverſified, that I cannot count 
the trouble theſe trials have put me to, miſpent. Another time, in a more ſlender and 
narrow mouthed glaſs, I poured back upon the caput moriuum of vitriol the liquors I had 
by violence of the firs forced from it; fo that the liquid part did ſwim a pretty height 
above the red calx, and remained a while limpid and colourleſs : but the veſſel having 
ſtood for ſome time unſtopped in a window, the liquor after a while acquired by degrees 
a very deep vitriolate colour, and not long after there appeared at the bottom, and on 
the top of the calx, many fair and exquiſitely figured grains of vitriol, which covered 
the ſurface of the calx, and the longer the veſſel continued in the window, the deeper 
did this change, made upon the upper part of the powder, ſeem to penetrate : ſo that 
I began to hope that in proceſs of time, almoſt (if not more than almolt) the whole mix- 
ture would be reduced to perfect vitriol. But an accident robbed me of my glais before 
I could ſee the utmoſt of the event. | 

And on this occaſion I muſt not preterm:t an odd experiment I lately made, though 
I dare not undertake to make it again. I elſewhere relate how I digeſted for divers 
weeks a quantity of powdered antimony, with a greater weight by half of oil of vitriol ; 
and how having at length committed this mixture to diſtiliation, and thereby obtained, 


| beſides a little liquor, a pretty quantity of combuſtible antimonial, or antimonio- vitrio- 


late ſulphur ; there remained in the bottom of the retort a ſomewhat light and very fri- 
able caput mertuum, all the upper part of which was at leaſt as white as common wood- 
aſhes, and the reſt looked like a cinder. And now 1 muſt tell you what became of this 
caput mortuum, whereof I there make no further mention. We could not well foreſee 
what could be made of it, but very probable it was that it would afford us ſome new 
diſcovery by being expoſed to the fire, in regard of the copious ſulphur whereof it 
ſeemed to have been deprived ; provided it were urged in cloſe veſſele, where nothing 
could be loſt, Whereupon committing it to a naked fire in a {mall glaſs retort, well. 
coated and accommodated with a receiver, we kept it there many hours, and at length 
fevering the veſſels, we found (which need not be wondered at) nv antimonial quickſil- 
ver, and much leſs of ſulphur ſublimed than we expected: wherefore greedily halt: ning 
to the caput mor/uum, we found it fixed into a mals, covered with a thin cake of glaks, 
whoſe fragments being held againſt the light, were not all coloured, as antimonial glaſs 
is wont to be, but were as colourleſs as common white glaſs. The lump above men- 
tioned being broken, was found, ſomewhat to our wonder, to be perlect black antimony, 
adorned with long ſhining ftreaks, as common antimony is wont to be: only this anti- 
mony ſeemed to have been. a little refined by the ſequeſtration of its unneceflary ſulphur; 
which ingredient ſeems by this experiment, as well as by ſome other obſervations of 
ours, to be more copious in ſome particular parcels of that mineral, ch in is abſolutcly re- 
quiſite to the conſtitution of antimony. Though in our caſe it may be ſuſpected that the 
reduction of part of the mals to a colourleſs glaſs was an effect of the abſence of ſo much 
of the ſulphur, and might in part make the remaining maſs ſome amends for it. What 
we further did with this new or reproduced concrete, is not proper to be here told you : 
only for your ſatisfaction we have kept a lump of it, that you may with us take notice 
of what ſome Philoſophers would call the mindfulneſs of nature; which, when a body 
was depriv<d of a not inconſiderable portion of its chief ingredient, and had all its other 


Parts 
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the Redintegration of Bodies. 


parts diſſipated and ſhuffled, and diſcoloured fo as not to be knowable, was able to rally 
thoſe ſcattered and diſguiſed parts, and marſhal or diſpoſe them into a body of the for- 
mer conſiſtence, colour, Sc. though (which is not here to be overlooked) the contex- 
ture of antimony, by reaſon of the copious ſhining ſtiriæ that enoble the darker body, 
be much more elaborate, and therefore more uneaſy to be reſtored than that of many 
other concretes, 0 | 

Bur among all my trials about the redintegration of bodies, that which ſeemed to 
ſucceed beſt was made upon turpentine: for having taken ſome ounces of this, very 
pure and good, and put it into a glaſs retort, I diſtilled fo long with a very gentle fire, 
till I had ſeparated it into a good quantity of very clear liquor, and a caput mortuum 
very dry and brittle; then breaking the retort, I powdered the caput mortuum, which 
when it was taken out was exceeding ſleek, and tranſparent enough, and very red, but 
being powdered, appeared of a pure yellow colour. This powder I carefully mixed 
with the liquor that had been diſtilled from it, which immediately diſſolved part of it 


into a deep red balſam ; but by further digeſtion, in a large glaſs exquiſitely ſtopt, that 


colour began to grow fainter, though the remaining part of the powder (except a very 
little, proportionable to ſo much of the liquor, as may be ſuppoſed to have been waſted 
by evaporation and transfuſion out of one veſſel into another) be perfectly diſſolved, 
and fo well re-united to the more fugitive parts of the concrete, that there is ſcarce any 


that by the ſmell, or taſte, or conſiſtence, would take it for other than good and 
laudable turpentine, | 
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Containing the Obſervations. 


N the foregoing notes I have endeavoured, with as much clearneſs as the difficulty of 
the ſubject and the brevity I was confined to permitted, to give a ſcheme or ſum- 
mary of the principles of the corpuſcularian philoſophy, as I apprehended them, by 

way of a ſhort introduction to it, at leaſt as far as I judged neceffary for the better 
underſtanding of what 1s contained in our notes and experiments, concerning the pro- 
ductions and changes of particular qualities. But though I hope I have not ſo affected 
brevity as to fall into obſcurity, yet, ſince theſe principles are built upon the phenomena 
of nature, and devifed in order to the explication of them, I know not what I can do 
more proper to recommend them than to ſubjoin ſome ſuch natural phænomena as 
either induce me to take up ſuch notions, or which I was directed to find out by the 
notions I had embraced. And fince I appeal to the teſtimony of nature to verify the 
do&trine I have been propoſing, about the origin and production of qualities (for that 
of forms will require a diſtin& diſcourſe); I think it very proper to ſet down ſome ob- 
ſervations of what nature does, without being over-ruled by the power and ſkill of man, 
as well as ſome experiments wherein nature is guided, and as it were, maſtered by art, 
that fo ſhe may be made to atteſl the truth of our doctrine, as well when ſhe diſcloſes 
herſelf freely, and, if I may ſo ſpeak, of her own accord, as when ſhe is, as it were, 
cited to make her depoſitions by the induſtry. of man. The obſervations will be but 


the 


Confiderations and Experiments, &c. 


the more ſuitable to our deſign for being common and familiar as to the phænomena, 
though perhaps new enough as to the application to our purpoſe. And as for the 
experiments, becauſe thoſe that belong more immediately to this or that particular quality, 
may be met with in the notes that treat of it, I thought it not amiſs that the experi- 
ments ſhould be both few in number, and yet ſo pregnant that every one of them 
ſhould afford ſuch differing phznomena as may make it applicable to more than one 
quality : | | 


8 | 

THe obſervation I ſhall begin with ſhall be fetched from what happens in the hatch- 
ing of an egg. For as familiar and obvious a thing as it is, (eſpecially after what the 
learned Fabricius ab Aquapendente, and a recenter anatomiſt, have delivered about them) 
that there is a great change made in the ſubſtance of the egg when it is by incubation 
turned into a chick; yet, as far as I know, this change hath not been taken notice of 
for the fame purpoſe to which I am about to apply it. , 

I consiDeR then that in a prolific egg (for inſtance that of a hen) as well the liquor 
of the yolk as that of the white is a ſubſtance, as to ſenſe, ſimilar. For upon the ſame 
account that anatomiſts and phyſicians call ſeveral parts of the human body, as bones, 
membranes, Sc. ſimilar, that is ſuch, as that every ſenſible part of it hath the ſame 
nature or denomination with the whole, as every ſplinter of bone 1s bone, as every 
ſhred of ſkin is ſkin. 

Axp though I find by diſtilling the yolks and whites they ſeem to be diſſimilar 
bodies, in regard that the white of an egg (for example) will afford ſubſtances of a very 
differing nature, as phlegm, ſalt, oil, and earth; yet (not now to examine whether, or 
how far theſe may be eſteemed productions of the fire that are rather obtained from the 
white of the egg, than were prz-exiſtent in it; not to mention this, I ſay) it doth not 
appear by diſtillation that the white of an egg is other than a ſimilar body in the ſenſe 


above delivered. For it would be hard to prove that one part of the white of an egg 


will not be made to yield the ſame differing ſubſtances by diſtillation that any other part 
does; and bones themſelves, and other hard parts of a human body that are confeſſcd ly 
ſimilar may, by diſtillation, be made to afford ſalt, and phlegm, and ſpirit, and oil, 
and earth, as well as the white of an egg. 

Tris being thus ſettled in the firſt place, we may in the next conſider that by beat- 
ing the white of an egg well with a whiſk, you may reduce it from a ſomewhat tena- 
cious, into a fluid body, though this production of a liquor be, as we elſewhere noted, 
effected by a divulſion, agitation, &c. of the parts; that is, in a word, by a mechanical 
change of the texture of the body. . 

Is the third place I conſider that, according to the exacteſt obſervations of modern 
anatomiſts, which our own obſervations do not contradict, the rudiments of the chick, 
lodged in the cicatricula or white ſpeck upon the coat of the yo!k, is nouriſhed till it 
have obtained to be a great chick, only by the white of the egg; the yolk being by 
the providence of nature reſerved as a more ſtrong and ſolid. aliment till the chick have 
abſuined the white, and be thereby grown great and ſtrong enough to digeſt the yolk ; 
and in effect you may ſee the chick furniſhed not only with all the neceſſary, but divers 
other parts, as head, wings, legs, and beak, and claws, whilſt the yo'k ſeems yet, as 


it were, untouched, But whether this obſervation about the entireneſs of the yolk be 


preſently true, is not much material to our preſent purpoſe,” nor would I be thought 
to build much upon it; fince the yolk itſelf, eſpecially at that time, is wont to be fluid 
| 2 enough, 
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enough, and to be a liquor perhaps no leſs ſo than the white was, and that is enough for . 
my pre:ent purpoſe. 7 5 
Fos in the laſt place I conſider that the nutritive liquor of an egg, which is in itſelf a 
body ſo very ſoft, that by a little agitation it may be made fluid, and is readily enough 
diſſolvable in common cold water; this very ſubſtance, I ſay, being brooded on by the 
hen, will within two or three weeks be tranſmuted into a chick furniſhed with organical 
parts, as eyes, ears, wings, legs, Sc. of a very differing fabrick, and with a good 
number of ſimilar ones, as bones, cartilages, ligaments, tendons, membranes, c. 
which differ very much in texture from one another ; beſides the liquors, as blood, 
chyle, gall, ' Sc. contained in the ſolid parts: ſo that here we have out of the white of 
an egg. which is a ſubſtance ſimilar, inſipid, ſoſt (not to call it fluid) diaphanous, 
colourleſs, and readily diſſoluble in cold water; out of this ſubſtance, I ſay, we have, 
by the new and various contrivement of the ſmall parts it conſiſted of, an animal, 
ſome of whoſe parts are not tranſparent, but opacous ; ſome of them red, as the 
blood; ſome yellow or greeniſh, as the gall ; ſome white, as the brain; ſome fluid, as 
blood, and other juices ; ſome conſiſtent, as the bones, fleſh, and other ſtable parts of 
the body; ſome ſolid and frangible, as the bones; others tough and flexible, as the 
ligaments z others ſoft and looſely coherent, as the marrow ; ſome without ſprings, as 
many of the parts; ſome with ſprings, as the feathers; ſome apt to mingle readily with 
cold water, as the blood, the gall; ſome not to be /o diſſolved in it, as the bones, the 
claws, and the feathers ; ſome well taſted, as the fleſh and blood; ſome very ill taſted; 
as the gall (for that I have purpoſely and particularly obſerved); in a word, we have 
here produced out of ſuch an uniform matter as the white of an egg, | 
FissT, new kind of qualities, as {beſides opacity) colours (whereof a ſingle. feather 
will ſometimes afford us variety) odours, taſtes, and heat in the heart and blocd of the 
chick, hardneſs, ſmoothneſs, roughneſs, Ic. | 
SECONDLY, divers other qualities that are wont to be diſtinguiſhed from ſenſible ones, 
as fluidity (in the blood and aqueous humour of the eye) conſiſtency in the griſtles, fleſh, 
Sc. hardneſs, flexibility, ſpringineſs, toughneſs, unficneſs to be diſſolved in cold water, 
and ſeveral others. To which may probably be added, | 
TrirDLy, ſome occult properties, as phyſicians obſerve, that ſome birds, as young. 
ſwallows, young magpyes, afford ſpecifick, or at leaft noble medicines in. the falling- 
lickneſs, hyſterical fits, and divers other diſtempers. ; 
FouRTHLY, I very well foreſee it may be objected that the chick with all its parts 
is not a mechanically contrived engine, but faſhioned out of matter by the foul of the 
bird lodged chiefly in the cicatricula, which by its plaſtick power faſhions the-obſequious. 
matter and becomes the architect of its own manſion. But not here to examine whe- 
ther any animal except man be other than a curious engine, I anſwer, that this objec- 
tion invalidates not what I intend to prove from. the alledged example. For let the 
paſtick principle be what it will, yet ſtill, being a phyſical agent, ic muſt act after a 
phy ſical manner; and having no other matter to work upon but the white of the egg, 
it can work upon that matter but as phyſical agents, and conſequently can but divide 
the matter into minute parts of ſeveral ſizes and ikapes, and by local motion variouſly 
context them according to the exigency of the animal to be produced, though from ſo 
many various textures of the produced parts there muſt naturally emerge ſuch differences. 
of colours, taſtes, and conliſtences, and other qualities. as we have been taking notice 
of. That which we are here to conſider is not what is the agent. or efficient in theſe 
productions, but what is done to the matter to effect them. And though ſome birds, 
by an inbred {kill, do very artificially build their curious neſts, yet cannot nature that 
. tdcaches 
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teaches them, enable them to do any more than ſelect the materials of their neſts, and 
by local motion divide, tranſport, and connect them after a certain manner. And when 
man himſelf, who is undoubtedly an intelligent agent, is to frame a building or an en- 
gine, he may indeed, by the help of reaſon and art, contrive his materials curiouſly and 


{kilfully ; but ſtill all he can do is but to move, divide, tranſpoſe, and context the 


ſeveral parts into which he is able to reduce the matter aſſigned him. 8 
Non need we imagine that the ſoul of that hen which having firſt produced the egg, 
does after a while ſit on it, hath any particular efficiency in hatching of a chick, for 
the egg will be well hatched by another hen though that which laid it be dead; and 
which is more, we are aſſured by the teſtimony of very good authors as well as of 
recent travellers, that in ſome places, eſpecially in Ægypt, there needs no bird at all to 
the production of a chick out of an egg, ſince they hatch multitudes of eggs by the 
regulated heat of ovens or dunghills : and indeed, that there is a motion or agitation 
of the parts of the egg by the external heat whereby it is hatched, is evident of itſelf, 
and not (as far as I know) denied by any; and that alſo the white ſubſtance is 
abſumed, and contexed or contrived into the body of the chick and its ſeveral parts, is 
manifeſt to ſenſe ; eſpecially if one hath the curioſity to obſerve the progreſs of the 
chick's formation and increment, But as it is evident that theſe two things,. the ſub- 
ſtance of the white, and the local motion wherein the external heat neceſlary to incu- 


bation puts its parts, do eminently concur to the production of the chick, ſo that the 


former power (whatever that be) doth any more than guide theſe motions, and thereby 


aſſociate the fitted particles of matter after the manner requiſite to conſtitute a chick, 


is that which I think will not eaſily be evinced. And I might, to what I ſaid of the 
egg, add ſeveral things touching the generation of viviparous animals, which the learned 


Fabricius ab Aquapendente, as well as ſome of the ancient philoſophers, would have to 


be generated from an imperfect kind of eggs: but I take the eggs of birds to be much 
fitter to inſtance in, becauſe they are things that we have more at command, and where- 
With we can conveniently make more trials and obſervations ; and eſpecially becauſe in 


perfect eggs the matter to be tranſmuted is more cloſely locked up, and being kept 
from any viſible ſupply of matter, confined to be wrought upon by the external heat: 


and by its own vital principle within. 


IT. 


Wares being generally eſteemed: an elementary body, and being at leaſt far more 
| hemogeneous than bodies here below are wont to be, it may make very much for our 
preſent purpoſe to ſhew that water itſelf, that is fluid, taſteleſs, inodorous, diaphanous, . 


colourleis, volatile, Sc. may, by a differing texture of its parts, be brought to conſtitute 


bodies of attributes very diſtant from theſe, This I thought might be done by nou- 
riſhing vegetables with ſimple water, For in caſe I.could do fo, all or the greatctt 
part of that which would accrue to the vegetable thus nouriſhed, would appear to have 
been materially but water with what exotick quality ſoever it may afterwards, when 


tranſmuted, be endowed, 


The ingenious Helmont, indeed, mentions an experiment ſomewhat: of this nature, 
' though not to the ſame purpoſe, which he made by planting a branch of willow into a. 


pot full of earth, and obſerving the increaſe of weight he obtained after divers years, 


though he fed the plant but with rain-water. And ſome learned modern naturaliits: 
have conjectured at the eaſy tranſmutableneſs of water by what happens in gardens and 
orchards, where the ſame ſhowers or rain, after a long drought, makes a great nu:noer: 


vi differing plants to flouriſh. But though theſe things be worthy of their authors, yet 


I thought. 
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I thought they would not be fo fit for my purpoſe, becauſe it may be ſpeciouſly enough 
objected that the rain-water does not make theſe plants thrive and flouriſh, by imme- 
diately affording them the aliments they aſſimilate into their own ſubſtance, but by 
proving a vehicle that diſſolves the ſaline and other alimental ſubſtances of the earth, and 
dilutes both them and the nutritive juice which in a part of the plant itſelf it may find 


too much thickened by the drought or heat of the ambient air; and by this means it 


contributes to the nouriſhment of the plant, though itſelf afterwards exhaled into vapours. 
And indeed experience ſhews us, that ſeveral plants which thrive not well withour rain- 
water, are not yet nouriſhed by it alone; ſince when corn in the field and fruit-trees in 
orchards have conſumed the ſaline and ſulphureous juices of the earth, they will not 
proſper there, how much rain ſoever falls upon the land, till the ground, by dung or 
otherwiſe, be ſupplied again with ſuch aſſimilable juices. Wherefore I rather choſe to 
attempt the making of plants grow in phials filled with water, not only to prevent the 
fore-mentioned objection, and alſo to make the experiment leſs tedious, but that I might 
have the pleaſure of ſeeing the progreſs of nature in the tranſmutation of water; and 
my obſervations of this kind, as novelties unmentioned by any other writer, I ſhewed 
divers ingenious friends, who having better opportunities than I of ſtaying in one place, 
have attempted the like and made ſucceſsful trials, which I tuppoſe will not be concealed 
from the publick. Of my obſervations about things of this kind I can at preſent find 
but few among my Adver/aria, but in them I find enough for my preſent turn. For 
they and my memory inform me that vinca pervinca, raphanus aquaticus, ſpearmint, 
and even ranunculus itſelf, did grow and proſper very well in phials filled with fair 
water, by whoſe necks the leaves were ſupported, and the plant kept from ſinking ; 
ſome of theſe were only cuttings without roots, divers of them were leſt in the water 
all the autumn and great part of the winter, and at the end of January were taken out 
verdant and with fair roots, which they had ſhot in the water. And beſides, I find that 
particularly a branch or ſprig of raphanus aquaticus was kept full nine months, and 
during that time withered not the whole winter, and was taken out of the water with 
many fibrous roots, and ſome green buds, and an increaſe of weight; and that a ſtump 
of ranunculus did ſo proſper in the water, that in a month's time it had attained to a 
pretty deal more than double the weight it had when it was put in. And the next note 
which I find concerning theſe plants informs me, that the above-mentioned crow's-foor, 
being taken out again at ſix months after it was put in, weighed a drachm and a half 
wanting a grain and a half, that is, ſomewhat above thrice as much as it did at firſt. 
This laſt circumſtance (of the increaſe of weight) I therefore thought fit particularly to 
make trial of, and ſet down upon this account among others, that having doubted the 
roots and leaves that ſeemed produced out of the water, might really be ſo by an ob- 
longation and an expanſion of the plants (as T have purpoſely tried, that an onion 
weighed and laid up in the ſpring, though after ſome weeks keeping in the air it ſhot 
blades, whereof one was five inches long, inſtead of incorporating the air or terreſtrial 
effluviums with itſelf, and conſequently thereby growing heavier, had loſt nine grains of 
its former weight); it might by this circumſtance appear that there may be a real aſſi- 
milation and tranſmutation of water into the ſubſtance of the vegetable, as I el.ewhere 
alſo ſhew by other proofs. For this being made out, from thence I infer that the ſame 
corpuſcles which, convening together after one manner, compoſe that fluid, inodorous, 
colourleſs, and inſipid body of water, being contexted after other manners, may conſti- 
rute differing concretes which may have firmneſs, opacity, odours, ſmells, taſtes, co- 


ours, and ſeveral other manifeſt qualities, and that too very different from one another, 


And beſides all this, theſe diſtinct portions of tranſmuted water may have many other 
. 7 qualities, 
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qualities, without excepting thoſe that are wont to be called ſpecifick or occult; witneſs 
the ſeveral medicinal virtues attributed by authors to ſpearmint, and to periwinkle, to 
majorane, and to raphanus aquaticus. And as for ranunculus, that plant being reckoned 
among poiſonous ones, and among thoſe that raiſe bliſters, it will be eaſily granted 
that it hath, as other poiſons, an occult, deleterial faculty: and indeed it ſomewhat 
deſerves our wonder that ſo inſipid and innocent a thing as fair water ſhould be capable 
of being turned into a ſubſtance of ſuch a piercing and cauſtic nature, as by contact to 
raiſe bliſters on a human body. And yet perhaps that is no leſs ſtrange which we 
elſewhere relate, that a plant, conſiſting chiefly of tranſmuted water, did by diſtillation 
afford us a true oil that would not mingle with water, and conſequently was eaſily con- 
vertible into fire. But whether or no this experiment, or any ſuch like, prove that 


almoſt all things may- be made of all things, not immediately, but by intervention of 


ſucceſſive changes and diſpoſitions, is a queſtion to which we elſewhere ſay ſomething, 
but are not willing in this place to ſay any thing. And if it be here objected that the 
ſolid ſubſtance that accrues to a plant rooted in water proceeds not at all from the water 


itſelf, but from the nitrous, fat, and earthy ſubſtances that may be preſumed to abound: 
even in common water; not here to repeat what I elſewhere ſay about this objeRion, I 


ſhall at preſent reply, that though, as to divers plants that flouriſh after rain, I am apt 


to think, as I intimated above, that they may in part be nouriſhed as well by the ſaline 
and earthy ſubſtances, to which the rain uſually proves a vehicle, as by the rain itſelf ; 


yet as to what the objection holds forth about the plants that grow not in the ground, 


but in glaſſes filled with water, it ſhould: not be barely ſaid, but proved; which he will 
not perhaps think eaſy to be done that conſiders how vaſt a quantity of fair water is 
requiſite to be exhaled away to obtain as much as one ounce of dry reſidence, whether: 


laline or earthy. 


* 20 
THAT a plant growing in the earth doth by the faculties of its vegetative ſoul attract 


the juices of the earth that are within its reach, and ſelecting thoſe parts that are con- 


gruous to its nature, refuſe the reſt, is the general opinion of philoſophers and phy- 


ſicians; and therefore many naturaliſts are not wont much to marvel when they ſee a 
tree bear a fruit that is ſour or bitter, becauſe they preſume that nature hath in the root. 


of the tree culled out ſuch parts of the alimental juice of the earth as being made to con- 
vene into one fruit, are fit to make it of ſuch a quality. Bur ic 1s worth obſerving, for 


our preſent purpoſe, what happens both in ordinary graftings, and eſpecially in that 


kind of inciſion (taking the word in a large ſenſe) which is commonly called inocula- 
tion. For though we may preſume that the root of a white thorn (for inſtance) may 
electively attract its aliment from the earth and chooſe that which is fitteſt to preduce 
the ignoble fruit that is proper for that plant; yet we cannot reaſonably ſuppoſe that 
it ſhould in its attraction ef aliment have any defign of providing an appropriate nutri-- 


ment for a pear : and yet the known experience of gardeners, and our own obſervations, 


manifeſt that the cyons of a pear-tree will take very well upon a white-thorn ſtock, and 
bring forth a well-caſted fruit very differing in many qualities from that of the white- 
thorn. I have alſo learned from thoſe that are expert, that though apples and pears, . 
being but vulgar fruit, are ſeldom propagated but by grafting, yet they may be pro- 
pagated lilcewiſe by inoculation (which ſeems to be but a kind of grafting with a bud). 
Now in the inoculations that are made upon fruit-trees it is very obſervable, and may 
much countenance what we are endeavouring to prove, that a little vegetable bud (that 
x no ſeed properly. ſo called) not ſo big oitenzimes as a pea, ſhould be able fo to tran{-. 
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mute all the ſap that arrives at it, that though this ſap be already in the root, and in 
its paſſage vpwards determined by nature's intention, as men are wont to ſpeak, to 
the production of the fruit that is natural to the ſtock, yet this ſap ſhould by ſo imall 
a vegetable ſubſtance as a bud (whether by the help of ſome peculiar kind of ſtrainer, 
or by the operation of ſome powerful ferment lodged in it, or by both theſe, or ſome 
other cauſe) be ſo far changed and over-ruled as to conſtitute a fruit quite otherwiſe qua- 
lifted than that which is the genuine production of the tree, and which is actually pro- 
duced by thoſe other portions of the like ſap which happened to nouriſh the prolific 
buds that are the genuine offspring of the ſtock; ſo that the ſame ſap that in one part 
of a branch conſtitutes (for inſtance) a cluſter of haws, in another part of the ſame 
branch may conſtitute a pear. And that which is further remarkable to our preſent 
purpoſe, is, that not only the fruits rnade of the ſame ſap do often differ from one ano- 

ther in ſhape, bigneſs, colour, odour, taſte, and other obvious qualities as well as oc- 
cult ones; but that though the ſap itſelf be (oftentimes) a wateriſh and almoſt inſipid 
liquor, that appears to ſenſe homogeneous enough, and even by diſtillation affords very 
little beſides phlegm ; yet this ſap is not only convertible by buds of ſeveral natures 
into differing fruits, out in one and the ſame fruit the tranſmuted ſap ſhall, by differing 
textures, be made to exhibit very differing, and ſometimes contrary qualities. As when 
(for inſtance) a peach-bud does not only change the ſap that comes to it into a fruit very 
differing from that which the ſtock naturally produceth, but in the ſkin of the peach it 
muſt be red, in the kernel white, and in other parts, of other colours; the fleth of it 
muſt be fragrant, the ſtone inodorous, the fleſh ſoft and yielding, the ſtone very hard 
and brittle, the meat pleaſantly taſted, the kernel bitter; not to mention that peach- 
bloſſoms, though produced allo by the bud, are of a colour and texture very differing 
from that of the fruit, and are ennobled with an occult quality which the fruit hath not, 
I mean a purgative virtue: ſo that from inoculations we may learn that a phlegmatic 
liquor that ſeems homogeneous enough, and but very ſlenderly provided with other ma- 


niteſt qualities than common water, may, by being variouſly contexted by the buds of 


trees, be iranſmuted into bodies endowed with new and various conſiderable ſcents, 
colours, taſtes, ſolidity, medicinal virtues, and divers other qualities manifeſt and 
occult, | x 

Ir it be here ſaid that theſe qualities are the productions of the plaſtic power reſiding 
in prolific buds, which indeed (to me) ſeem to be but very minute boughs; I ſhall return 
the ſame anſwer that I did to the like objection when it was propoſed in the firſt obſer- 


vation, | 


HiTHtRTo I have only argued from vulgar inoculations, but there may be others, 
as well more conſiderable, as leſs ordinary : and I remember I have ſeen a tree, where- 
of, though the ſtock was of one ſort of good fruit, there were three more and differ- 
ing kinds of ſtone-fruit that had been . made to take by inoculation, and two of thoſe 
inoculated boughs had actually fruit on them; and the third, though it had as yet no 
fruit, becauſe the ſeaſon for that ſort of plants to bear was not yet come, yet the ſhoot 
was ſo flouriſhing, that we concluded that the bloſſoms would in due time be ſucceed- 
ed by fruit. And ſince I have been ſpeaking of the differing qualities of the parts of 
the ſame fruit, | am content to add two things: the one that Garcias ab Horto, a claſſic 
author (and phyſician to the Indian viceroy) affirms * with ſome ſolemnity (as wonder- 
ing that a learned man ſhould write otherwiſe) that though the fruit we call caſſia fiſtula 
be very commonly uſed both here and in the Indies as a purging medicine, yet the ſecds 


* Aromatr, Hiſt, lib. 1. cap. 29. de Caſſia ſolutiva. 
of 
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of this ſolutive caſſia are aſtringent. The other, that of lite years there have been often | 


brought into England from the Caribbee Hands certain kernels of a fruit, which thoſe 
that have ſeen it grow, Hken to a white pear-plumb; theſe are ſo ſtrongly purgative 
and alſo emetic, that the ingenious Mr, Lygon tells us that five of them wrought with 
him a dozen times upwards, and above twenty downwards; and yet the ſ:me author 
aſſures us (Which is likewiſe here a recerved tradition among them that are curious of 
this fruit) that in the Kernel, in the parting of it into halves (as when our hazle-nurs in 
England part in the middle longways) you ſhall find a thin film, which looks of a faint 
carnation (which colour is eaſily enough diſcerned, the reſt of the kernel being perfectly 
white) and that, taking out the film, you may eat the nut ſafely without feeling any 
operation at all, and it is as ſweet as a Jordan almond, [A learned man that practiſed 
phyſic in America, being inquired of by me concerning the truth of this relation, an- 
ſwered, that though he had divers times given thoſe nuts as cathartic remedies, yet he 
had not that curioſity to take out the films, finding it the univerſal belief that the purga- 
tive faculty conſiſted therein]. And I remember that the famous + Monardes doth 
ſomewhat countenance this tradition, where, ſpeaking of another purging fruit that alſo 
comes from America (from Cartagena and Nombre de Dios) he takes notice that theſe 
purging beans (which are like ours, but ſmaller) have a thth ſkin that divides them 
through the middle, which muſt (together with the external rind) be caſt away, elſe 
they will work ſo violently, both upwards and downwards, as to bring the taker into 
hazard of his life: whereas he commends theſe beans, rightly prepared, not only as a 
pleaſant medicine that doth, without trouble, purge both choler, phlegm, and groſs 
humours; for which it is celebrated among the Indians. 

To the ſtories of our country men and Monardes, I ſhall ſubjoin another which I find 
related by that great rambler about the world, Vincent le Blanck, who giving us an ac- 
count of a publick garden which he viſited in Africa, in the territories of the Lord of 
Caſima, not far from the borders of Nabia, which he repreſents as the curiouſeſt gar- 
den he ſaw in all the Eaſt, he mentions this among other rarities: * There were (lays 
he) other ſorts of fruit which I never ſaw but there, and one among the reſt, leaved 

like aſycamore, with fruit like the golden apple, but no gall more bitter, and within 
five kernels as big as almonds, the juice whereof is ſweet as ſugar; betwixt the ſhell 
and the nut there grows a thick ſkin of a carnation colour, which, taken before they 


be thoroughly ripe, they preſerve with date vinegar, and make an excellent ſweetmear, 
which they preſent to the king as a great curioſity.” | 


* 


„„ 


IV. 


Tux fourth and laſt obſervation I ſhall at preſent mention is afforded me by the con- 


ſideration of rotten cheeſe. For if we take notice of the difference betwixt two parts of 
the ſame cheeſe, whereof the one continues ſound by preſerving its texture, and the other 
hath ſuffered that impairing alteration of texture we call rottenneſs; we may often fee a 
manifeſt and notable change in the ſeveral portions of a body that was before ſimilar : 
tor the rotten part will differ from the ſound in its colour, which will be fumerimes 
livid, but moſt commonly betwixt green and blue; and its odour, which will be both 
ſtrong and offenſive ; and its taſte, which will be very piquant, and to ſome men much 
more pleaſant than before, but to moſt men odious ; and in divers other qualities, as 


* Lygon's Hiflory of Barbados, pag. (, 68. 
+ Se- Nicholaus Monacdes, ander tbe Title, Fabæ purgattices. 
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particularly its conſiſtence, it will be much leſs ſolid and more friable than before; and if 
with a good microſcope we look upon the moulded parts of many cheeſes, we ſhall 
quickly diſcover therein ſome ſwarms of little animals (the mites) furniſhed with variety 
of parts of differing ſizes, ſhapes, textures, Sc. and deſcry a yet greater diverſity, 
both as to manifeſt qualities (nor probably is it inferior as to occult ones) betwixt the 
mouldy part of the cheeſe and the untainted, than the unaſſiſted eye could otherwiſe have 


diſcovered, | 


— 
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HE author would not have the reader think that the following experiments are 

the ſole ones, that he could have ſet down to the ſame purpoſe with them. For 
they are not the only that he had actually laid aſide for this occaſion, till judging the 
enſuing ones ſufficient for his preſent ſcope, he thought it fitter to reſerve others for 
thoſe notes about the production of particular qualities, to which they ſeemed properly 
to belong. Perhaps alſo it will be requiſite for me (becauſe ſome readers may think the 
omiſſion a little ſtrange) to excuſe my having left divers particulars unmentioned in 
more than one of the enſuing experiments. And I confeſs that I might eaſily enough 
both have taken notice of more circumſtances in them, and made far more reflexions on 
them, if I would have expatiated on the ſeveral experiments according to the directions 
delivered in other * papers. But though there, where it was my deſign to give em- 
ployment to the curioſity and diligence of as many votaries to nature, as (for want of 


better inſtructions) had a mind to be ſo ſet on work, it was fit the propoſed method 


ſhould be ſuitable z yet here, where I deliver experiments not ſo much as part of natural 
hiſtory, as inſtances to confirm the hypotheſes and diſcourſes they are annexed to, it 
ſeemed needleſs and improper (if not impertinent) to ſet down circumſtances, cautions, 
inferences, hints, applications, and other particulars that had no tendency to the ſco 
for which the experiments were alledged. 

ANnD as for the kind of experiments here made choice of, I have the leſs ſcrupled to 
pitch upon chy mical experiments rather than others on this occaſion ; not only becauſe 
of thoſe advantages which I have aſcribed to ſuch experiments in the latter part of the 
+ preface to my Specimens, but becauſe I have been encouraged by the ſucceſs of the 
attempt made in thoſe diſcourſes, For as new as it was, when I made it four or five 
years ago; and as unuſual a thing as it could ſeem to divers Atomiſts and Carteſians, 
that I ſhoyld take upon me to confirm and illuſtrate the notions of the Particularian 
philoſapy” (if I may ſo call it) by the help of an art, which many were pleaſed to think 
cultivated but by illiterate operators or whimſical fanaticks in philoſophy, and uſeful only 
to make medicines or diſguiſe metals: yet theſe endeavours of ours met with much leſs 
oppoſition than new attempts are moſt commonly fain to ſtruggle with. And in fo 
ſhort a time I have had the happineſs to engage both divers chymiſts to learn and reliſh 


* 


the notions of the corpuſcular philoſophy, and divers eminent embracers of that to en- 


* 
* Containing ſome advices and direQions for the writing of an experimental natural hiſtory. 
+ The preface here mentioned is that premiſed to the tract intituled, — Some Specimens of an attempt 10 


male Chymical Experiments uſeful to illuſtrate the notions of the Corpuſcular Philoſophy. 
deavour 


\ 


Origin of Quali ties and Forms. 


deavour to illuſtrate and promote the new philoſophy, by addicting themſelves to the 
experiments, and peruſing the books of chymiſts. And I acknowledge it is not unwel- 
come to me to have been (in ſome little meaſure) inſtrumental to make the corpuſculatian 
philoſophy, aſſiſted by chymiſtry, preferred to that which has ſo long obtained in the 
ſchools. For (not here to conſider, which I elſewhere do, how great an advantage that 
philoſophy hath of this, by having an advantage of it in point of clearneſs) though 
divers learned and worthy men that knew no better principles, have, in cultivating the 
Peripatetick ones, abundantly exerciſed and diſplayed their own wit; yet I fear they 
have very little, if at all, improved their reader's intelle&, or enriched it with any true 
or uſeful knowledge of nature; but have rather taught him to admire their ſubtlety, 
than underſtand hers. For to aſcribe all particular phænomena that ſeem any thing 
difficult (for abundance are not thought ſo that are fo) to ſubſtantial forms, and but 
nominally underſtood qualities, is ſo general and eaſy a way of reſolving difficulties, that 
it allows naturaliſts, without diſparagement, to be very careleſs and lazy, if it do not 
make them ſo; as in effect we may ſee, that in about two thouſand years ſince Ariſtolle's 
time the adorers of his phy ſicks, at leaſt by virtue of his peculiar principles, ſeem to 
have done little more than wrangle, without clearing up (that I know of) any myſtery 
of nature, or producing any uſeful or noble experiment : whereas the cultivators of the 
Particularian philoſophy, being obliged by the nature of their hypotheſis and their way 
of reaſoning, to give the particular accounts and explications of particular phznomena 
of nature, are alſo obliged, not only to know the general laws and courſe of nature, but 
to inquire into the particular ſtrufture of the bodies they are converſant with as that 
wherein, for the moſt part, their power of acting and diſpoſition to be acted on does 
depend. And in order to this, ſuch inquirers muſt take notice of abundance of minute 
circumſtances; and to avoid miſtaking the cauſes of ſome of them, muſt often make 
and vary experiments; by which means nature comes to be much more diligently and 
induſtriouſly ſtudied, and innumerable particulars are diſcovered and obſerved which in 
the lazy Ariſtotelian way of philoſophizing would not be heeded. But to return to that 
decade of inſtances to which theſe advertiſements are premiſed; J hope 1 need not make 
an apology for making choice rather of chymical experiments than others, in the ſecond 
and concluding ſection of the hiſtorical part of the preſent treatiſe, But though I pre- 
fer that kind of inſtances, yet I would not be thought to overvalue them in their kind, 
or to deny that ſome artiſts may (for aught I know) be found, to whoſe chymical 
arcana theſe experiments may be little better than trifles. Nor perhaps are theſe the 
conſiderableſt that I myſelf could eafily have communicated (though theſe themſelves 
would not be now divulged, if I would have been ruled by the diſſuaſions of ſuch as 
would have nothing of chymical made common which they think conſiderable). But 
things of greater value in themſelves, and of noble uſe in phyſick, may be leſs fit for our 
prelent purpoſe (which is not to impart medicinal or alchymiſtical proceſſes, but illuſtrate 
philoſophical notions) than ſuch experiments as theſe ; which, beſides that they contain 


variety of phaznomena, do not (for the moſt part) require either much time, or much 
charge, or much ſkill. 
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SECTION II. 


Containing the Experiments. 


EXPERIMENT I. 


AK E good and clear oil of vitriol, and caſt into it a convenient quantity of good 
camphire groſly beaten ; let it float there a while, and, without the help of exter- 

nal heat, it will inſenſibly be reſolved into a liquor, which, from time to time, as it comes 
to be produced, you may, by ſhaking the glais, mingle with the oil of vitriol ;zwhereunto 
you may by this means impart firſt a fine yellow and then a colour which chough ic be 
not a true red will be of kin to it, and ſo very deep as to make the very mixture almoſt 
quite opacous, When all the camphire is perfectly diſſolved by incorporating with the 
menſtruum, if you hit upon good ingredients, and upon a right proportion (for a flight 
miſtake in either of them may make this part of the experiment miſearry) you may 
probably obtain ſuch a mixture as I have more than once had z namely ſuch a one, as 
not only to me, whoſe ſenſe of ſmelling is none of the dulleſt, but alfo to ethers, that 
knew not of the experiment, ſeemed not at all to have an odour of the camphire. But 
if into this liquor you pour a due quantity of fair water, you will ſee (perhaps net withoue 
delight) that, in a trice the liquor will become pale almoſt as at the firſt ; and the cam 
phire that lay concealed in the pores of the menſtruum, will immediately diſcloſe irſelf, 
and immerge in its own nature and priſtine form of white floating and combuſtible cam - 
phire, which will fill not the phial only, but the neighbouring part of the air with its 
ſtrong and diffuſive odour. | | | | | | 
Now the phenomena of this experiment may, beſides the uſes we elſewhere make of 


it, afford us ſeveral particulars pertinent to our preſent purpoſe. 


I. For (firſt) we ſee a lighter and conſiſtent body brought by a comminution into 
particles of a certain figure, to be kept ſwimming and mixed with a liquor on which it 
floated before, and which is by great odds heavier than itſelf: ſo that as by the ſolution 
of gold in agua regis it appears chat the ponderouſeſt of bodies, if it be reduced to parts 
minute enough, may be kept from ſinking in a liquor much lighter than itfelf ; ſo this 
experiment of ours manifeſts, what I know not whether hitherto men have proved, that 
the corpuſcles of lighter bodies may be kept from emerging to the top of a much 
heavier liquor. Which inſtance being added to that of the gold, may teach us that 
when bodies are reduced to very minute parts, we muſt as well confidet their particular 
texture, as the received rules of the hydroſtaticks, in determining whether they will fink, 
or float, or ſwim. 5 

II. Tais experiment alſo ſhews that ſeveral colours, and even a very deep one, may 
ſoon be produced by a white body and a clear liquor, and that without the intervention 
of fire or any external heat. | 

III. And that yet this colour may almoſt in the twinkling of an eye be deſtroyed, 
and, as it were, annihilated; and the latitant whiteneſs, as many would call it, may be 
as ſuddenly reſtofed by the ad ition of nothing but fair water, which has no colour of 
its own ; upon whoſe account it might be ſurmiſed to be contrary to the a co- 
our, 
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Jour, or to heighten the other into a predominacy ; nor does the water take into itſelf - 


either the colour it deſtroyed, or that it reſtores. For 


IV. Tas more than ſemi-opacity of the folution of camphire and oil of vitriol does 
preſently vaniſh ; and that menſtruum with the water make up (as ſoon as the campho- 
rate corpuſcles come to be afloat) one tranſparent and colourleſs liquor. 

V. AnD it is worth noting, that upon the mixture of a liquor which makes the fluid 
much lighter (for ſo water is in reſpect of vitriol) a body is made to emerge that did 
not ſo when the fluid was much heavier, This experiment may ferve to countenance 
what we elſewhere argue againſt the ſchools touching the controverſy about miſtion. 
For whereas though ſome of them diſſent, yet moſt of them maintain that the elements 
always loſe their forms in the mixed bodies they conſtitute z and though if they had 
dexterouſly propoſed their opinion and limited their aſſertions to ſome caſes, perhaps the 

doctrine might be tolerated; yet ſince they are wont to propoſe it crudely and univer- 
ſally, I cannot but take notice how little it is favoured by this experiment ; wherein even 
a mixed body (for ſuch is camphire) doth in a further miſtion retain its form and nature, 
and may be immediately ſo divorced from the body to which it was united, as to turn in 
a trice to the manifeſt exerciſe of its former qualities. And this experiment being the 
eaſieſt inſtance 1 have deviſed of the preſervation of a budy when it ſeems to be de- 
ſtroyed, and of the recovery of a body to its former conditions, I deſire it may be 
—_— notice of, as an inſtance I ſhall after have occaſion to have recourſe to and make 
uſe of. | | 

VI. Bur the notableſt thing in the experiment is, that odours ſhould depend ſo much 
upon texture; that one of the ſubtleſt and ſtrongeſt-ſcented drugs, that the Eaſt itſelf, 
or indeed the world afford us, ſhould ſo ſoon quite loſe its odour by being mixed with 
a body that has ſcarce, if at all, any ſenſible odour of its own; and this while the cam- 


phorate corpuſcles ſurvive undeſtroyed in a liquor, from whence one would think that 


leſs ſubtile and fugitive bodies than they ſhould eafily exhale. 


VII. Non is it much leſs conſiderable that ſo ſtrong and piercirg a ſcent as that of 
camphire ſhould be in a moment produced in a mixture wherein none of it could be 


perceived before, by ſuch a liquor as water, that is quite devoid of any odour of its 


own ; which ſo eaſy and ſudden reſtauration of the camphire to its native ſcent, as weil 
as other qualities, by ſo languid a liquor as common water, doth likewiſe argue that the 
union or texture of the two ingredients, the camphire and the oil of vitrial, was but very 
flight, upon which, nevertheleſs, a great alteration in point of qualities depended. And 
to confirm, that divers of the preceding phenomena depend upon the particular texture 


of the liquors employed to exhibit them; I ſhall add, that if inſtead of oil of vitriol you 


caſt the concrete into well-dephlegmed ſpirit of nitre, you will obtain no red nor dark, 
but a tranſparent and colourleſs ſolution. And when to the above mentioned red mix- 
ture I put, inſtead of fair water, about two or three parts of duly rectified ſpirit of wine, 
there would enſue no ſuch changes as thoſe formerly recited ; but the ſpitit of wine that 
diſſolved the concrete, when it was by itſelf, without loſing its diaphaneity or acquiring 
any colour, did, when it diſſolved the mixture, diſſolve it with its new. adventitious 
colour, looking like a groſs red wine ſomewhat turbid, or not yet well freed from its 
lees z ſo that this colour appeared to reſide in the mixture as ſuch, ſince neither of the 
two ingredients diſſolved in or Wingled with the ſpirit of wine would have afforded that 
colour, or indeed any other. it to this liquor that looked Iike rroubled wine we 
poured a large proportion of fair water, the redneis would immediately vaniſh, and the 
whole would, as to ſenſe, become white throughout: I ſay as to ſenſe, becaule the 
whiteneſs did not indeed appertain properly to the whole mixture, but to a huge multi— 
tude 
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tude of little corpuſcles of the rev ved concrete, whereof ſome or other, which at firſt, 
ſwam confuſedly to and fro, left no ſenſible portion of the liquor unfurniſhed with ſome 
of them; whereas when the camphirate corpuſcles had leiſure to emerge, as they ſoon .. 
did, they floated in the form of a white powder or froth at the top of the liquor, leav- 
ing all the reſt as clear and co'ourleſs as the common water. 

Bur we have not yet mentioned all the uſe we deſigned to make of our mixture; for, 
by proſecuting the experiment a little further, we made it afford us ſome new phæno- 
mena. 

VIII. For having kept the mixture in a moderately warm place (which circumſtance, 
had perhaps no influence on the ſucceſs) and having diſtilled it out of a glaſs retort, the 
event anſwered our expectation, and the liquor that came over had a ſcent, which, though 
very ſtrong, was quite differing both from that of the mixture, and that of the camphire; 
and in the remaining body, though the liquor and the camphire it conſiſted of were either 
both tranſparent, or the one tranſparent as a liquor, and the other white, as tranſparent 
colourleſs bodies are wont to be made by contuſion ; yet the remaining maſs, which 
amounted to a good part of the mixture, was not only opacous, but as black as coal, in 
ſome places looking juſt like poliſhed jet; which is the more conſiderable, becauſe, that 
though vegetable ſubſtances, that are not fluid, are wont to acquire a blackneſs from the. 
fire, yet neither do liquors, that have already been diſtilled, obtain that colour upon re- 
diſtillation ; neither have we, upon trial purpoſely made, found that camphire, expoſed 
to fire in a retoit, fitted with a receiver (which was the caſe of the preſent experiment) 
would at all acquire a jetty colour, but would either totally aſcend white, or afford flores, . 
and a caput mortuum (as a vulgar chymiſt would call the remains) of the ſame colour, 
both in reſpect of one another, and in reſpect of the camphire. - ES 

IX. Anp our experiment afforded this notable phænomenon, that though oil of vitriol 
be a diſtilled liquor, and though camphire be ſo very fugitive a ſubſtance, that being left 
in the air it will of itſelf fly all away, and therefore phy ſicians and druggiſts preſcribe the 
keeping it in linſeeds or millium, or other convenient bodies, to hinder its avolation ; yet, 
by our experiment, its fugacity is ſo reſtrained, that not only the caput moriuum, newly 
mentioned, endured a good fire in the retort, before it was reduced to that pitchy ſubſtance 
we were lately menticning ; but having taken ſome of that ſubſtance out of the retort, 
and ordered it by a careful workman to be kept in a cloſely covered crucible during ſome 
time in the fire, when it was brought me back, after the pot had been kept red-hot 
above half an hour, there remained a good quantity of the matter, brittle, without any 


ſmell of camphire, and as black as ordinary charcoal : ſo much do the fixidity and vola- 
tility of bodies depend upon texture. 


EXPERIMENT II. 


Among thoſe experiments of mine, Pyrophilus, which tend to manifeſt, that new 
qualities may be produced in bodies, as the effects of new textures; I remember, ſome 
years ago, I writ for a friend a whole ſet of trials that I had made about the changes I 
could produce in metals and minerals by the intervention of ſublimate. But though the 
whole tract wherein they are recited might be pertinent enough to our preſent ſubject, 
yet reſerving other paſſages of it for other places (eſpecially for our notes upon thoſe par- 
ticular qualities, which they are moſt proper to illuſtrate) it may at this time ſuffice me 
to ſend you a tranſcript of what that account contains relating to copper and ſilver, the 
one a mean and fugitive, and the other a noble and fixed metal, For thoſe changes in 


2 colour, 
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colour, conſiſtence, fuſibleneſs, and other qualities, which you will meet with in theſe 
experiments, will afford us divers phenomena, to ſhew what great changes. may be made, 
even in bodies ſcarce corruptible, by one or more of thoſe three catholic ways of nature's 
working according to the corpuſcular principles; namely, the acceſs, the receſs, and the 
tranſpoſition of the minute particles of matter, 

As for my method of changing the texture of copper, I confeſs it hath oftentimes 
ſeemed ſtrange to me, that chyniiſts, plainly ſeeing the notable effect that ſublimate diſ- 
tilled from antimony has upon that mineral, by opening it and volatilizing it (as we ſce it 
do in the making of what they are pleaſed to call Mercurius vite ) ſhould not have the 
curioſity to try, whether or no ſubl mate might not likewiſe produce, if not the ſame, yet 
a conſiderable change in other mineral bodies; there appearing no reaſon, or at leaſt there 
having been none given, that I know of, why the reſerating operation (if I may ſo ſpeak) 
of ſublimate ſhould be confined to antimony. Upon theſe conſiderations, we were in- 
vited to endeavour to ſupply the negle& we had obſerved in chymiſts of improving the 
experiment of Butyrum Antimonit : and though an indiſpoſition in point of health, which 
befel us before we had made any great progreſs in our inquiries, made us ſo ſhy of fumes 
of ſublimate and mineral, that we neither did make all our trials ſo accurately, nor pro- 
ſecute them ſo far as we would have done, had we been to deal with more innocent 
materials; yet we ſuppoſe it will not be unwelcome to you to receive from us a naked, but 
faithful narrative of our proceedings; being apt to think that you will therein find in- 
ducements to carry on this experiment further than we have done, and to compleat what 
we have but begun. | | 

FigsT then, we took half a pound of copper plates, of about an inch broad, and the 
thickneſs of a grain of wheat (which we after found was too great) and of an arbitrary 
length; then caſting a pound of groſly beaten Venetian ſublimate into the bottom of a 
ſomewhat deep glals retort, we caſt in the copper plates upon it, that the fumes of the 
ſublimate might, in their aſcenſion, be compelled to act upon the incumbent metal; and 
then placing this retort as deep as we well could in a ſand furnace, and adapting to it a 
ſmall receiver, we adminiſtered a gradual fire ſeven or eight hours, and at length for a 
while increaſed the heat, as much as we well could do in ſuch a furnace. T he ſucceſs of 
this operation was as follows, i | 

1. TatRE came little or no liquor at all over into the receiver, but the neck and upper 
part of the retort were candied on the inſide, by reaſon of the copious ſublimate adhering 
to them, which ſublimate we:ghed about ten ounces : in the retort we found about two 
ounces and a quarter of running mercury, which had been ſuffered to revive by the acid 
ſalts, which corroding the copper, forſock the quickſilver, whereto they had been in the 
ſublimate united. _ | | 

2. Uros the increaſe of the fire there was plainly heard a noiſe, made by the melting 
matter in the retort, not unlike that of a boiling pot, or of vitrig]l, when, being commit- 
ted to a calcining fire, it is fiiſt brought to low. And this noile we found to be a more 
conſtant circumſtance of this experiment, than the revivification of part of the mercury 
contained in the ſublimate : for upon another trial made with the tormier proponticn of 
copper plates and fublimate, we obſerved, during a very long while, ſuch a noite as hath 
been already mentioned; but the operation being finiſhe i, we ſcarce found ſo much as a 
few grains of running mercury either ia the retort or receiver. | | 

3. We found the metalline lump in the bottom of the re:ort to have been increaſed in 
weight ſomewhat more than (though not half an ounce above) two ounces ; ſome of 
the copper plates, lying at the bottom of the maſs, retained yet their figure and malle- 
ableneſs, which we aſcribe to their not having been thin enough to be {ufficiently wrought 


upon 
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upon by the ſublimate : the others, which were much the greater number, had wholly 
loſt their metalline form, and were melted into a very brittle lump, which I can com- 
pare to nothing more fitly, than a lump of good benjamin. For this maſs, though pon- 
derous, was no leſs brittle, and being broken, appeared of divers colours, which ſeemed 
to be almoſt tranſparent, and in ſome places it was red, in others of a high and pleaſant 
amber colour, and in other parts of it colours more darkiſh and mixt might be diſ- 
cerned. 

4. Bur this ſtrange maſs being broken into ſmaller lumps, and laid upon a ſheet of 

white paper in a window, was by the next morning, where-ever the air came at it, all 
covered with a lovely greeniſh blue, or rather bluiſh green, almoſt like that of the 
beſt verdigreeſe: and the longer it lay in the air, the more of the internal parts of the 
fragments did paſs into the ſame colour; but the white paper, which in ſome places they 
ſtranded, ſeemed dyed of a green colour inclining unto yellow. And here we had occaſion 
to take notice of the infinuating ſubtilty of the air; for having put ſome pieces of this 
cupreous gum (if I may ſo call it) into a little box, to ſhut out the air, which we have 
found it poſſible to exclude by other means, we found that notwithſtanding our care, 
thoſe included fragments were, as well as the reft already mentioned, covered with the 
powder as it were of viride æris. | 

5. We muſt not on this occaſion omit to tell you, that having the laſt year made fome 
trials in reference to this experiment, we obſerved in one of them, that ſome little cop- 
per-plates, from which ſublimate had been drawn off, retained their priſtine ſhape and 
metalline nature, but were whitened over like ſilver, and continued ſo for divers months 
(though we cannot preciſcly tell you how long, having at length accidentally loft them). 
And to try whether this whiteneſs were only ſuperficial, we purpoſely broke ſome of 
theſe flexible plates, and found that this filver colour had penetrated them throughout, 
and was more glorious if the very body of the metal than on its ſurface ; which made 
us ſuſpect that the ſublimate by us employed had been adulterated with arſenick (where- 
with the ſophiſticators of metals are wont to make blanchers for copper, but not to men- 
tion that the malleableneſs continued, which arfenick is wont to deſtroy) we diſcovered 
not by trial, that the ſublimate was other than ſincere. 

6. In this metalline gum the body of the copper appeared fo changed and opened, 
that we were invited to look upon ſuch a change as no ignoble experiment, conſidering 
the difficulty which the. beſt artiſts tells us there is, and which thoſe that have attempted 
it have found; I ſay, not to unlock the ſulphur of Venus, but to effect leſs changes in 
its texture, than was hereby made. For this gum, caſt upon a quick coal and a little 
blown, will partly melt and flow like roſin, and partly flame and burn like a ſulphur, 

and with a flame fo laſting, if it be rekindled as often as it leaves off burning, that we 
obſerved it, not without, oe wonder; and fo inflammable is this opened copper, that 
being held to the flame of a candle or a piece of lighted paper, it would almoſt in a mo- 

ment take fire, and fend forth a flame like common ſulphur, but only that it ſeemed to 
us ys incline much more to a greeniſh colour, than the bluer flame of brimſtone is wont 
to do. 

To theſe phænomena of our experiment, as it was made with copper, my notes ena- 
ble me to ſubjoin ſome others, exhibited, when we made it with ſublimate and ſilver. 

THERE were taken of the pureſt ſort of coined ſilver we could get, half a ſcore of thin 
plates, on which was caſt double the weight of ſublimate in a ſmall and {trongly-coated 
retort, This matter being ſublimed in a naked fire, we found (having broken the veſſel) 

that the ſublimate was almoſt totally aſcended to the top and neck of the retort; in the 
latter ot which appeared in many places ſome revived mercury ; in the bottom of the 


retort 


Origin of Qualities and Forms, 


retort we found a little fluxed lump of matter, which it was ſcarce poſſible to ſeparate 
from the glaſs ; but having with much ado divorced them, we found this maſs to be 
brittle, of a pale yellowiſh colour, of near about the weight of the metal on which the 
ſublimate had been caſt. And in the thicker part of this lump there appeared, when it 
was broken, ſome part of the ſilver plates, which, though brittle, ſeemed not -to have 
been perfectly diſſolved. This reſin of ſilver did, like that of copper, but more ſlowly, 
imbibe the moiſture of the air, and within about twenty-four hours was covered with a 
ſomewhat greemſh duſt, concerning which we durſt not determine, whether it pro- 
ceeded from that mixture of copper, which is generally to be met with in coined ſilver, 
or from the compounded metal : for the more curious ſort of painters do, as they in- 
form us, by corroding coined filver with the fretting ſteams of ſaline bodies, or with 
corroſive bodies themſelves, turn it into a fine kind of azure, as we may elſewhere have 
opportunity more. particularly to declare. I ſhall now only add, that ſome ſmall frag- 
ments of our reſin being caſt upon red-hot coals, did there waſte themſelves in a flame, 
not very differing in colour from that of the former mentioned reſin of copper, but much 
more durable than would have been eaſily expected from ſo ſmall a quantity of 
matter, x | | 

THis is all the account I can give you of our firſt trial; but ſuſpecting that the copper 
wont to be mixed as an alloy with our coined ſilver might have too much influence on the 
recited event, coming afterwards into a place where we could procure refined ſilver, we 
took an ounce of that, and having laminared it, we caſt it upon twice its weight of 
beaten ſublimate, which being driven away from it with a ſomewhat ſtrong fire, we took 
out of the bottom of the glaſs retort a lump of matter, which in ſome places, where it 
lay next the glaſs, was as it were ſilvered over very finely, but fo very thinly, that the 
thickneſs of the ſilver ſcarce equalled that of fine white paper; the reſt of the metal (ex- 
cept a little that lay undiſſolved almoſt in the middle of the maſs, becauſe, as we ſup- 
poled, the plates had not been beaten till they were ſufficiently and equally thin) having 
been, by the ſaline part of the ſublimate that ſtuck to it, colliquated into a maſs that 
looked not at all like ſilver, or fo much as any other metal or mineral. 

AnD it is remarkable, that though ſilver be a fixed metal, and accounted indeſtructi- 


ble, yet it ſhould by ſo ſlight an operation, and by but about a quarter of its weight 


of additament (as appeared by weighing the whole lump) be ſo ſtrangly diſguiſed, and 
have its qualities ſo altered. | 
Fog {firſt} though an eminent whiteneſs be accounted the colour which belongs to 
pure filver, and though beaten ſublimate be alſo eminently white; yet the maſs we are 
ſpeaking of was partly of a lemon or amber colour, or a deep amethyſtine colour, and 
partly of ſo dark an one, as it ſeemed black: and it was pretty, that ſometimes in a 
fragment, that ſeemed to be one continued and entire piece, the upper part would be of 
a licht yellow, which abruptly ending, the lower was of a colour ſo obſcure, as ſcarce to 
challenge any name diſtinct from black. 5 | 

NexT, Whereas ſilver is one of the moſt opacous bodies in nature, and ſublimate a 
white one, the produced mals was in great part tranſparent, though not like glaſs, yet 
like good amber, | 

Tr1rDLyY, The texture of the ſilver was exceedingly altered; for our mals, inſtead of 
being malleable and flexible, as that metal is very much, appeared, if you went about to 
cut it with a knite, like horn, yet otherwiſe eaſily apt to crack and break, though not at 
all to bend. | 

FourTHLY, Whereas ſilver will endure ignition for a good while before it be brought 


to fuſion, our mixture will eaſily melt, not only upon quick coals, but in the flame 
Vor. III. L of 
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of a candle; but this reſin or gum (if I may ſo call it) of our fixed metal did not, like 
that we formerly deſcribed of copper, tinge the flame of a candle, or produce with the 
glowing coals, on which it is laid, either a green or bluiſh colour. Ly 

AnD, Pyropbilus, to diſcover, how much theſe operations of the ſublimate upon cop- 
per and filver depend upon the particular textures of theſe bodies, I took two parcels of 
gold, the one common gold thinly laminated, and the other very well refined, and hav- 
ing caſt each of theſe in a diſtinct urinal upon no leſs than thrice its weight of groſly 
beaten ſublimate, I cauſed this laſt named ſubſtance to be in a ſand-furnace elevated from 
the gold, but found not that either of the two parcels of that metal was manifeſtly altered 
thereby : whether in caſe the gold had been reduced to very minute particles, ſome kind 
of change (perhaps, if any, differing enough from thoſe lately recited to have been made 
in the copper and the ſilver) might have been made in it, I am not ſo abſolutely cer- 
tain ; but I am confident, that by what I reſerve to tell you hereafter of ſublimate's opera- 
tion upon ſome other minerals, eſpecially tin, it will appear, that that operation depends 
very much upon the particular texture of the body from whence that ſublimate is ele- 
vated, 885 

BEFORE I diſmiſs this ſubject, Pyrophilus, I muſt not conceal from you, that in the 
papers whence theſe experiments made with ſublimate have been tranſcribed, I an- 
nexed to the whole diſcourſe a few advertiſements, whereof the firſt was, that I was re- 
duced in thoſe experiments to imploy, for want of à better, a ſand-furnace, wherein I 
could not give ſo ſtrong a fire as I defired ; which circumſtance may have had ſome in- 
fluence upon the recited phznomena : and among other advertiſcments there being one, 
that will not be impertinent to my preſent deſign, and may poſſibly afford a not unſuc- 
ceſsful hint, I ſhall ſubjoin it in the words wherein I find it delivered. 
Tux next thing of which I am to advertiſe you, is this, that this experiment may 
probably be further improved by imploying about it various and new kinds of ſublimate; 
and that ſeveral other things may be ſublimed up together either with crude mercury or 


with common ſublimate, he that conſiders the way of making vulgar ſublimate, will not, 


I iuppoſe, deny. To give you only one inſtance, I ſhall inform you, that, having cauſed 
about equal parts of common ſublimate and ſal armoniack to be well powdered and in- 
corporated, by ſubliming the mixture in ſtrong and large urinals placed in a ſand- furnace, 
we obtained a new kind of ſublimate, differing from the former, which we manifeſted: ad 
oculum, by diſſolving a little of it and a little of common ſublimate ſeverally in fair wa- 
ter: for dropping a little reſolved ſalt of tartar upon the ſolution of common ſublimate, 
it immediately turned of an orange-tawny colour ; but dropping the ſame liquor upon 
the ſolution of the armoniack ſublimate, if I may ſo call it, it preſently turned into a 
liquor, in whiteneſs reſembling milk. And having from four ounces of copper-plates 
drawn fix ounces of this new ſublimate after the already often recited manner, we had in- 
deed in the bottom of the retort a cupreous reſin, not much unlike that made by cop- 
per and common ſublimate; and this reſin did, like the other, in the moiſt air ſoon 
begin to degenerate into a kind of verdigreeſe. But that which was ſingular in this ope- 
ration, was, that not only ſome of the fublimate had carried up to a good height 
enough of the copper to be manifeſtly coloured by it of a fine bluiſh green, but into the 
receiver there was paſſed near an ounce of liquor, that ſmelt almoſt like ſpirit of fal 
armoniack, and was tincted like the ſublimate, ſo that we ſuppoled the body of the 
Venus to have been better wrought upon by this, than by the former ſublimate. And 
yet I judged not this way to be the moſt effectual way of improving common ſublimate, 
being apt to think, upon grounds not now to be mentioned, that it may by convenient 
lquors be ſo far enriched and adyanced, as to be made capable of opening the compact 

5 body 
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body of gold itſelf, and of producing in it ſuch changes (which yet perhaps will enrich 
but men's underſtandings) as chymiſts are wont very fruitleſly to attempt to make in 


that almoſt indeſtruRible metal. But of this, having now given you a hint, I dare here 
ſay no more, | 


EXPERIMENT II. 


THERE is, Pyrophilus, another experiment, which many will find more eaſy to be 
put in practice, and which yet may, as to ſilver, be made a kind of ſuccedaneum to the 


tormer, and conſequently may ſerve to ſhew how the like qualities in bodies may be 


effected by differing ways, provided a like change of texture be produced by them. Of 
this I ſhall give you an example in that preparation of ſilver that ſome chymiſts have 


called Luna Cornea, which I ſhall not ſcruple to mention particularly, and apply to my 


preſent purpoſe ; becauſe, though the name of Luna Cornea be already to be met with 
in the writings of ſome alchymiſts, yet the thing itſelf, being not uſed in phylick, is not 
wont to be known by thoſe that learn chymiſtry in order to phyſick; and the way that 
1 uſe in making it is differing from that of alchymiſts, being purpoſely deſigned to ſhew 
ſome notable phenomena, not to be met with in their way of proceeding. 

We take then refined ſilver, and having beaten it into thin plates, and diſſolved it in 
about twice its weight of good aqua fortis, we filtrate it carefully to obtain a clear ſolution, 
{which ſometimes we evaporate further, till it ſhoot into cryſtals, which we afterwards dry 
upon brown paper with a moderate heat), 

Uyon the abovementioned ſolution we drop good ſpirit of ſalt, till we find that it will 
no more curdle the liquor it falls into (which will not happen ſo ſoon as you will be apt 
ut firſt to imagine); then we put the whole mixture in a glaſs funnel lined with cap-pa- 
per, and letting the moiſture drain through, we dry with a gentle heat the ſubſtance, 
that remains in the filtre, firſt waſhing it (if need be) from the looſely adhering ſalts, by 
I:tring fair water run through it ſeveral times, whilſt it yet continues in the filtre. This 
ſubſtance being well dried, we put it into a glaſs phial, which being put upon quick coals 
firſt covered with aſhes, and then freed from them, we melt the contained ſubſtance into 
2 . which, being kept a while in fuſion, gives us the Luna Cornea we are now to 
conſider. : 

Ir to make this factitious concrete, we firſt reduce the ſilver into cryſtais, and after- 
wards proceed with ſpirit of ſalt, as we have juſt now taught you to do with the ſolu- 
ton, we have the exceedingly opacous, malleable, and hardly fuſible body of filver, by 
the convenient interpoſition of ſome ſaline particles, not amounting to the third part of 
the weight of the metal, reduced into cryſtals, that both ſhoot in a peculiar and deter- 
n:icare figure, differing from thoſe of other metals, and alſo are diaphanous and brittle, 
ard by great odds moze eaſily fuſible than filver itſelf, beſides other qualities, whercin 
having elſewhere taken notice, that theſe cryſtals differ both from ſilver and from aqua 
:ortis, we ſnall not now inſiſt on them, but paſs to the qualities that do more properly 
bclong to the change of the ſolution of ſilver into Luna Cornea. | 

Firs then we may obſerve, that though ſpitit of ſalt be an highly acid liquor, and 
though acid liquors and alkalies are wont to have quite contrary operations, the one preci- 
pitating what the other would diſſolve, and diſſolving what the other would precipitate z 
yet in our Caſe, as neither oil of tartar per deliguium, nor ſpirit of ſalt will diſſolve ſilver, 
lo both the one and the other will precipitate it; which I deſire may be taken notice of 
againſt the doctrine of the vulgar chymiſts, and as a proof that the precipitation of bodies 
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depends not upan acid or alkalizate liquors as ſuch, but upon the texture of the bodies, 
that happen to be confounded, wo (8 

2. Wr may here obſerve that whiteneſs and opacity may be immediately produced by 
liquors, both of them diaphanous and colourleſs. a 
3. Tur, on the other ſide, a white powder, though its minute parts appear not tranſ- 
parent, like thoſe of beaten glaſs, reſin, c. which, by comminution, are made to ſecm 
white, may yet, by a gentle heat, be preſently reduced into a maſs indifferently tranſpa- 
rent, and not at all white, but of a fair yellow. | 

4. WE may obſerve too, that though ſilver require ſo ſtrong a fire to melt it, and may 
be long kept red-hot, without ng brought to fuſion ; yet by the aſſociation of ſome 
faline particles conveniently mingled with it, it may be made ſo ſuſible, as to be eaſily 
and quickly melted, either in a thin phial, or at the flame of a candle, where it will flow 
almoſt like wax. 

5. Ir may alfo be noted, that though the lunar ſolutions and the ſpirit of ſalt would, 
either of them apart, have readily diſſolved in water; yet when they are mingled, they 
do, for the moft part, coagulate into a ſubſtance that will lie undiſſolved in water, and 
is ſcarce, if at all, ſoluble either in aqua fortis or in ſpirit of ſalt. : 

6. And remarkable it is, that the body of filver being very flexible and malleable, 
(eſpecially if the metal be, as ours was, refined) it ſhould yet, by the addition of ſo ſmall 
a proportion of ſalt (a body rigid and brittle) as is aſſociated to it in our experiment, be 
made of a texture ſo differing from what either of its ingredients was before, being 
wholly unlike either a ſatt or a metal, and very like in texture to a piece of horn. And 
to ſatify my ſelf how much the toughneſs of this metalline horn depended upon the tex- 
ture of the compaſitum reſulting from the reſpective textures of the ſeveral ingredients, I 
precipitated a ſolution of ſilver with the diſtilled ſaline liquor commonly called oil of vi- 
triol, inſtead of ſpirit of ſalt; and having waſhed the precipitate with common water, 
1 found, agreeably to my conjecture, that this precipitate, being fluxed in a moderate 
heat afforded a maſs, that looked like enough to the concrete we have been diſcourſing 
of, but had not its toughneſs, being brittle enough to be eaſily broken in pieces. But the 
two conſiderableſt phænomena of our experiment do yet remain unmentioned. 

Fon, 7thly, it is odd, that whereas a ſolution of ſilver is; as we have often occaſion 
to note, the bittereſt liquor we have ever met with, and the ſpirit of ſalt far ſourer than 
either the ſharpeſt vinegar, or even the ſpirit of it, theſe two fo ſtrongly and offenſively 
eaſted liquors ſhould be ſo eaſily and ſpeedily, without any other thing to correct them, 
be reduced into an infipid ſubſtance (at leaſt ſo far inſipid, that I have licked it ſeveral. 
times with my tongue, without finding it otherwiſe, though perhaps. with much rolling 
it to and fro in the mouth, it may at length afford ſome unpleaſant taſte, but exceedingly 
different from that of either of the liquors that compoled ic): and this, though the ſalts, 
that made both the filver and the precipitating ſpiric ſo ſtrongly taſted, remain aſſociated 
with the ſilver. | | 

8. Any laſtly, it is very ſtrange, that though the ſaline corpuſcles that give the effi- 
cacy both to good aqua fortis and the like ſpirit of ſalt, be not only ſo volatile that they 
will eaſily be diſtilled with a moderate fire, but fo fugitive, that they will in part fly away 
of themſelves in the cold air (as our nofes can witneſs to our t oable, when the phials,. that 
contain ſuch liquors, are unſtopped); yet by virtue of the new texture they acquire by 

_ affociating themfelves with the corpuſcles of the ſilver and with one another, theſe minute 
Particles of ſalt loſe ſo much of their former lightneſs, and acquire ſuch a degree of fixed- 
refs, that they will endure melting with the metal they adhere to, rather than ſuffer them- 
ſelves to be driven away from it, Nor do I remember, that when I melted this maſs in 

| | | a thin 


| Origin of Qualities and Forms. | 3s 


a thin phial, I could perceive any ſenſible evaporation of the matter; nay, having after- 
wards put a parcel of it upon a quick coal, though that were blown to intend the heat, 
yet it ſuffered fuſion, and ſo ran off from the coal, without appearing, when it was taken 
up again, to be other than Luna Cornea, as it was before. 


EXPERIMENT IV. 


E am now, Pyrophitas, about to do a thing contrary enough both to my cuſtom and 
inclination z that is, to diſcourſe upon the phænomena of an experiment, which I do not 
teach you to make. But ſince I cannot as yer, without ſome breach of promiſe, plainly 
diſcloſe to you what I muſt now conceal, your equity aſſures me of your pardon. And 

/ as becaule the qualities of the ſalt I am to ſpeak of are very. remarkable, and pertinent to- 
my preſent purpoſe, I am unwilling to paſs them by unmentioned; ſo | hope, that, not- 
withſtanding their being ſtrange, I may be allowed to diſcourſe upon them to you, who, 
I preſume, know me too well to ſuſpect I would impoſe upon you in matters of fact, 
and to whom I am willing (if you deſire it) to ſhew the anomalous falt itſelf, and ocular 
proofs of the chief properties J aſcribe to it. | | 

' I $HALL not then ſeruple to tell you, that diſcourſing one day with a very ingenious- 
traveller and chymiſt, whe had had extraordinary opportunities to acquire ſecrets, of a- 
certain odd ſalt I had thought upon and made, which was of ſo differing a kind from 
other ſalts, that though I did not yet know what feats I ſhould be able to do with it, yet 
I was confident it muſt have noble and unulual operations: this gentleman, to requite my 
frankneſs, told me, that I had lighted on a greater jewel than perhaps 1 was aware of; 
and that if I would follow his advice, by adding ſomething that he named to me, and 
proſecuting the preparation a little further, I-ſhould obtain a ſalt exceedingly noble. I 
thanked him, as I had cauſe, for his advice, and when I had opportunity, followed it. 
And though I found the way of making this ſalt ſo nice and intricate a thing, that if I 
would, I could ſcarce eaſily deſcribe it, fo as to enable moſt men to practiſe it; yet.hav- 
ing once. made it, I found, that beſides ſome of the things I had been told it would per- 
form, I could do divers other things with it, which I had good cauſe to believe the gen- 
tleman of whom I was ſpeaking did not think of; and I doubt not but I ſhould have done 
much more with it, if. I had not unfortunately loſt it ſoon aſter I had prepared it. 

SEVERAL of the phenomena I tried to produce with it, which are not ſo proper for this 
place, are reſerved for another: but here I ſhall mention. a few. that beſt fit my preſenc 
2urpoſe, 1 
f F 1R$T then, though the ſeveral ingredients that compoſed this ſalt, were all of them 
ſuch as vulgar chymiſts. muſt, according to their. principles, look upon as purely ſalire, 
and were each of them far more ſalt than brine, or more ſour than the ſtrongeſt vines ar, 
or more ſtrongly taſted than either of thoſe two liquors z yet the compound, made up of 
only ſuch bodies, is ſo far from being eminently ſalt, or ſour, or inſipid, that a ſtranger 
being aſked what taſte it had, would not ſcruple to judge it rather tweet, than of any 
other taſte ; though its ſweetneſs be of a peculiar kind, as there is a difference even among 
bodies ſweet by nature; the ſweetneſs of ſugar being diverie from that of honey, and 
both of them differing from that of the ſweet vitriol of lead. And this is the only in- 
ſtance I remember I have hitherca met with of ſalts, that, without the mixture of inſipid 
bodies, compoſe a ſubſtance really ſweet. I ſay, really ſweet, becaule chymiſts often- 
times term the calces of metals, and other bodies dulcified, if they be freed from all cor- 
rofive falrs and ſharpneſs of taſte, ſweet, thaugh they have nothing at all of poſitive - 
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ſweetneſs in chem; and by that licence of ſpeaking do often enough impoſe upon the 
unſkilful. | | 

AnoTHEs thing conſiderable in our anomalous ſalt is, that though its odour be not 
either ſtrong or offenſive (both which that of volatile ſalts is wont to be); yet if it be a 
little urged with heat, ſo as to be forced to evaporate haſtily and copiouſly, I have known 
ſone that have been uſed to the powerful ſtink of aqua fortis, diftilled urine, and even 
ſpirit of ſal armoniack itſelf, that have complained of this ſmell as more ſtrong, and 
upon that account more unſupportable than theſe themſclves; and yet when theſe 
fomes ſettle again into a ſalt, their odour will again prove mild and inoffenſive, if not 

leaſant. | a é | 

5 Taigbriy, Whereas all the volatile and acid and lixiviate ſalts, that we know of, are 
of ſo determinate and ſpecificated a nature, if I may ſo ſpeak, that there is no one ſort of 
the three but may be deſtroyed by ſome one or other of the other two ſalts, if not by 
both; as ſpirit of urine, which is a volatile ſalt, being mingled with ſpirit of ſalt or aqua 
fortis, or almoſt any other ſtrong. and acid ſpirit, will make a great ebullition, and loſe its 

culiar taſte, and ſeveral of its other qualities; and, on the other fide, ſalt of tartar-and 
other alkalies (that is, ſalts produced by incineration of mixed bodies) will be deſtroyed 
with ebullicion by aqua fortis, ſpirit of ſalt, or almoſt any other ſtrong ſpirit of that family : 
and - ſpirit of ſalt, aqua fortis, Sc. will be (as they ſpeak) deſtroyed both by animal vo- 
latile ſalts, and by the fixed ſalts of vegetables; that is, will make an efferveſcence with 
either ſort of ſalts, and compoſe with them a new liquor or ſalt, differing from either of 
the ingredients, and, as to taſte, ſmell, odour, and divers other qualities, more languid and 
degenerous : whereas, I ſay, each of theſe three families of ſalts may be eaſily deftroyed by 
the other two, our anomalous ſalt ſeems to be above the being thus wrought upon by any 
of all the three, and is the only body I know (which is no ſmall privilege, or rather pre- 
rogative): for I did not find that a ſolution of it made with as little water as I could, 
which is the way whereby we ufually make it fluid, would make any ebullition either with 
oil of tartar per deliquium, or ſpirit of ſal armoniack, or ſtrong ſpirit of ſalt, or even oil of 
vitriol, but would calmly and ſilently mix with theſe differing liquors, and continue as 
Jong as I had patience to look upon them, without being precipitated by them. But this 
is not the only way I employed, to examine whether our ſalt belonged to any of the 
three above-mentioned comprehenſive families of ſalts. For I found that the ſtrongeſt 
ſolution of it would turn ſyrup of violets either red, as acid ſpirits do, or green, as both 
fixed and volatile ſalts will do. Nor would our ſolution turn a clear ont of ſublimate made 
in common water either white, as ſpirit of urine, ſal armon:ack, or others of the late 
family, or into an orange tawny, like ſalt of tartar, and other alkalies; but left the ſolu— 
tion of ſublimate tranſparent, without giving it any of theſe colours, mingling itſelf very 
kindly with it, as it had done with the four lately mentioned liquors. And to ſatisſy my 
{cif a little further, 1 not only tried that an undiſcoloured mixture of ſyrup of violets 
and our ſolution would immediately be turned red by two or three drops of ſpirit of falt, 


or green by as much oil of tartar ; but to proſecute the experiment, 1 let fall a drop or 


two of a mixture made of our anomaious ſolution, and ſpirit of ſalt well ſhaken together, 
upon ſome ſyrup of violets, which was thereby immediately turned red, and a hitle of 
the ſame anomalous ſolution, being ſhaken together with oil of tartar per dcligquium, 
turned another parcel of the ſame lyrup of violets into a deiighttul green; which, hap— 
pening as I expected, ſeemed to argue that our ſolutior, though as to ſenſe it were ex- 


quiſitely mingled in the feveral mixtures to which I had put it, did, as it left them their 


undeſtroy ed reſpective natures, retain its own : and yet this ſalt is ſo far from being a 
languid or an inſignificant thing, that aqua fortis, and oil of vitriol themſelves, as 
: operative 
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operative and as furious liquors as they are, are unable in divers caſes to make ſuch 
ſolutions, and perform ſuch other things as our calm but powerful menſtruum can, 
though but ſlowly effect. 

Fouxrhrv, Though this ſalt be a volatile one, and requires no ſtrong heat to make 
it ſublime into finely figured cryſtals without a remanence at the bottom; yet, being 
diſſolved in liquors, you may make the ſolution, if need be, to boil, without makin 
any of the ſalt ſublime up, before the liquor be totally or almoſt totally drawn off; 
whereas the volatile ſalt of urine, blood, hartſhorn, Sc. are wont to aſcend before 
almoſt any part of the liquor they are diſſol ved in, which is in many caſes very incon- 
venient. | 

Ax though this be a volatile ſalt, yet I remember not that I have obſerved any 
fixed ſalt (without excepting ſalt of tartar itſelf) that runs near ſo ſoon per deliguium as 
this will do; but by abſtraction of the adventitious moiſture, it is eaſily reſtored to its 
former ſaline form, and yet differs from ſalt of tartar, not only in fixedneſs and taſte, 
and divers other qualities, but alſo in this, that whereas falt of tartar requires a vehe- 
ment fire to flux it, a gentler heat than one would eaſily imagine will melt our ſalt into 
a limpid liquor. | 7 

AnD whereas ſpirit. of wine will diſſolve ſome bodies, as ſanderick, maſtick, gum- 
lack, Se. and water, on the other ſide, diſſolves many that ſpirit of wine cannot, 
and oils will diſſolve ſome, for which neither of the other liquors are good ſolvents ; 
our ſalt will readily diſſolve both in fair water, in the higheſt rectified ſpirit of wine 

(and that ſo little, as not to weigh more than the ſalt) and in chymical oils themſelves, 
with which it will aſſociate itſelf very ſtrictly, and perhaps more too than I have yer 
{ound any other conſiſtent ſalt to do. 


yl 


EXPERIMENT V. 


Tat experiment I am, Pyropbilus, now about to deliver, though I have not yet had 
opportunity to perfe&t what I deſigned, when fome notions that I have about fire and 
ſalt ſuggeſted it to me, is yet ſuch as may far more clearly than almoſt any of the experi- 
ments commonly known to chymiſts ſerve to ſhew us how near to a real tranſmutation 
thoſe changes may prove, that may be effected even in inanimate, and, which is more, 
ſcarce corruptible bodies, by the receſs of ſome particles, and the acceſs of ſome others, 
and the new texture of the reſidue. The experiment I have made ſeveral ways, but one 
of the lateſt and beſt I have uſed is this: Take one part of good ſea-ſalt well dried and 
powdered and put to it double its weight of good aqua fortis or ſpirit of nitre; then 1 
having kept it (if you have time) for ſome while in a previous digeſtion, diſtil it over 4 
with a ſlow fire in a retort or a low body, till the remaining matter be quite dry, and | 
no more: for this ſubſtance that will remain in the bottom of the glaſs is the thing that 
is ſought for. | ; 

T 11s operation being performable in a moderate fire, and the bodies themſelves. being 
almoſt of an incorruptible nature, one would ſcarce think that ſo flight a matter ſhould 
produce any change in them; bur yet I found, as 1 expected, theſe notable mutations of 
qualities effected by ſo unpromiſing a way. 

Fon in the firſt place we may take notice that the liquor that came over was no longer 
an aqua fortis or ſpirit of nitre, but an aqua regis that was able to diſſolve gold, which | 
aqua fortis will not meddle with, and will not diſſolve ſilver as it would have done be- if 


fore, but will rather, as I have purpoſely tried, precipitate it out of aqua fortis, it that | if 
| : Menton in 


wy, = 


88 


Confiderations and Experiments touching the 


menſtruum have already diſſolved it. But this change belonging not ſo properly to the 
ſubſtance itſelf I was about to conſider, I ſhall not here inſiſt on it. 
2. Tarn the taſte of this ſubſtance comes by this operation to be very much altered; 
for it hath not that ſtrong ſaltneſs that it had before, but taſtes far milder; and though 
it reliſh of both, affects the palate much more like ſaltpetre than like common ſalt, 
3. NexT, whereas this laſt-named body is of very difficult fuſion, our faftirious ſalt 


imitates falt-petre in being very fuſible; and it will, like -nitre, ſoon melt by being 


held in the flame of a candle. 

4. Bur to proceed to a more conſiderable phænomenon, it is known that ſea-ſalt is a 
body that doth very much reſiſt the fire; when once, by being brought to fuſion, it hath 
been forced to let go that windy ſubſtance that makes unbeaten ſalt crackle in the fire, 


and fo by blowing it accidentally increaſe it. It is alſo known that acid ſpirits, as thoſe 


of ſalt, vitriol, nitre, vinegar, Sc. are not only not inflammable themſelves, but hin- 
derers of inflammation in other bodies; and yet my conjecture leading me to expect 
that by this operation I ſhould be able to produce out of two uninflammable bodies, a 
third that would be eaſily inflammable, I found vpon trial not only that ſmall lumps of 
this ſubſtance caſt upon quick and well-blown coals, though they did not give ſo blue a 
flame as nitre, did yet, like it, burn away with a copious and vehement flame. And 
for further trial, having melted a pretty quantity of this tranſmuted ſea-falt in a crucible, 
by caſting upon it little fragments of well-kindled charcoal, it would, like nitre, pre- 
ſently be kindled, and afford a flame ſo vehement and fo dazling that one that had better 
eyes than I, and knew not what it was, complained that he was not able to ſupport the 
ſplendor of it. Nor were all its inflammable parts conſumed at one deflagration, for 
by caſting in more fragments of well-kindled coal the matter would fall a puffing, and 
flame afreſh for ſeveral times conſecutively according to the quantity that had been put 
into the crucible. | 
5. Bur this itſelf was not the chief diſcovery I defigned by this experiment, For 1 
pretended hereby to deviſe a way of turning an acid ſalt into an alkali, which ſeems to 
be one of the greateſt and difficulreſt changes, that is rationally to be attempted among 
durable and inanimate bodies. For it is not unknown to ſuch chymiſts as are any 
thing inquiſitive and heedful, how vaſt a difference there is between ac.d ſalts, and thoſe 
that are made by the combuſtion of bodies, and are ſometimes called fixed, ſomerimrs 
alk :lizate. For whereas ſtrong lixiviums (which are but ſtrong ſolutions of alkali-s) 
will readily enough diſſolve common ſulphur and divers other bodies abouncing with 
ſulphur, even thoſe highly acid liquors aqua fortis and agua regis, though ſo corroſive. 
that one will diſſolve ſilver and the other gold itſelf, will let brimſtone lie in them un- 
diſſolved I know not how long; though ſome ſay that in proceſs of time there may be 
ſome tincture drawn by the menſtruum from it, which 1 have not ſeen tried, and though 
it were true, would yet ſufficiently argue a great diſparity betwixt thoſe acid ſpirits ard 
ſtrong alkalizate ſolutions, which will ſpeedily diſſolve the very maſs of common ſul- 
phur. Beſides it is obſerved by the inquiſitive chymiſts, nor does my experience con- 
tradict it, that the bodies that are diſſolved by an acid menſtruum may be precipitated 
by an alkalizate; and on the contgary, ſo utions made by the latter may be precipitated 
by the former. Moreover, as litharge diſſolved in ſpirit of vinegar will be precipitated 
by the oil of tartar per deliquium, or the ſolution of its ſalt; and, on the contrary, 
ſulphur or antimony diſſolved in ſuch a ſolution will be precipitated out of it by the 
ſpirit of vinegar or even common vinegar : moreover acids and alkalizates do alfo differ 
exceedingly in taſte, and in this greater diſparity, that the one is volatile and the other 
fixed, beſides other particulars not neceſſary here to be inſiſted on. And indeed if that 
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were true which is taught in the ſchools, that there is a natural enmity as well as diſparity 
betwixt ſome bodies, as between oily -and wateriſh ones, the chymiſts may very ſpe- 
. ciouly teach (as ſome of them do) that there is a ſtrange contrariety betwixt acid and 

alkalizate ſalts; as when there is made an affuſion of oil of tartar upon aqua regis or aqua 
fortis, to precipitate gold out of the one and filver out of the other, their mutual hoſtility 
ſeems manifeſtly to ſhew itſelf not only by thenoiſe, and heat, and fume that are immediately 
excited by their conflict, but by this moſt of all, that afterwards the two contending bodies 
will appear to have mutually deſtroyed one another, both the ſour ſpirit and the fixed ſalt 
having each loſt its former nature in the ſcuffle and degenerated with its adverſary into a 
certain third ſubſtance that wants ſeveral of the properties both of the ſour ſpirit and the 
alkali. Now to apply all this to the occaſion on which I mentioned it, how diſtant and 
contrary ſoever the more inquiſitive of the latter chemiſts take acid and fixed ſalts to be, yet 
I ſcarce doubted but that by our experiment I ſhould from acid ſalts obtain an alkali ; and 
accordingly having, by caſting in ſeveral bits of well-kindled coal, excited in the melted maſs 
of our tranſmuted ſalt as many deflagrations as I could, and then giving it a pretty ſtrong, 
fire to drive away the reſt of the more fugitive parts, I judged that the remaining mals 
would be (like the fixed nitre I have elſewhere mentioned) of an alkalizate nature; and 
accordingly having taken it out, I found it to taſte, not like ſea- ſalt, but fiery enough 
upon the tongue, and to have a lixiviate reliſh. I found too that it would turn ſyrup 
of violets into a greeniſh colour, that it would precipitate a limpid ſolution of ſublimate 
made in fair water into an orange-tawny powder. I found that it would, like other 


concoagulate with them. Nor are theſe themſelves all the ways I took to manifeſt the 
alkalizate nature of our tranſmuted ſea-falt. | 
I p1D indeed conſider at firſt that it might be ſuſpected that this new alkalizateneſs 
might proceed from the aſhes of the injected coals, the aſhes of vegetables generally 
containing in them more or leſs of a fixed ſalt. But when J conſidered too that a pound 
of charcoal burned to aſhes is wont to yield ſo very little ſalt that the injected fragments 
of coal (though they had been, which they were not) quite burned out in this opera- 
tion, would ſcarce have afforded two or three grains of ſalt (perhaps not half ſo much) 
I ſaw no reaſon at all to believe that in the whole maſs I had obtained, (and which was 
all that was left me of the ſea- ſalt I had firſt employed); it was nothing but fo incon- 
ſiderable a proportion of aſhes that exhibited all the phænomena of an alkali. 
And for further confirmation both of this and what I ſaid a little before, I ſhall add, 
that to ſatisfy myſelf yet more, I poured upon a pretty quantity of this lixiviate ſalt a due 
proportion of aqua fortis till the hiſſing and ebullition ceaſed, ard then leaving the fluid 
mixture for a good while to coagulate (which it did very ſlowly) 1 found it at length 
to ſhoot into ſaline cryſtals z which, though they were not of the figure of nitre, did 
yet, by their inflammabtlity and their bigneſs, ſufficiently argue that there had been a 
conjunction made betwixt the nitrous ſpirit and a conſiderable proportion of alkali. 

I cons1DERED alſo that it might be ſuſpected that in our experiment it was the nitrous 


ſalme corpuſcles of the ſea- ſalt that paſſed over into the receiver, had afforded this alkal: ; 
as common ſalt- petre, being handled after ſuch a manner, would leave in the crucible a 
fixed or alkalizate ſalt. But to this, I anſwer, that as the ſea- ſalt which was not driven 
over 'by ſo mild a diſtillation and ſeemed much a greater part than that which had 
paſſed over, was far from being of an alkalizate nature; fo the nitrous corpuſcles that 
are preſumed to have ſtaid behind were, whilſt they compoſed the ſpirit of nitre, ot an 


highly volatile and acid nature, and conſequently of a nature directly oppoſite to that 
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fixed falts, produce an ebullition with acid ſpirits, and even with ſpirit of ſalt itſelf, and 


corpuſcles of the aqua fortis, that, lodging themſelves in the little rooms deſerted by tte 
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of alkalies. And if by the addition of any ether ſubſtance that were no more alkalizate 
than ſea- ſalt, an alkali could be obtained out of ſpirit of nitre of aqua fortis, the pro- 
ducibleneſs of an alkali out of bodies of another nature might be rightly thence inferred ;. 
ſo that however it appears, that by the intervention of our experiment two ſubſtances 
that were formerly acid are turned into one that is manifeſtly of an alkalizate nature; 
which is that we would here evince, Bah 56 | 

Perhaps it may, Pyrophilus, be worth while to ſubjoin, that to proſecute the expe- 
riment by inverting it, we drew two parts of ſtrong ſpirit of ſalt from one of purified 
nitre, but did not obſerve the remaining body to be any thing near fo. conſiderably 
changed as the ſea-ſalt, from which we had drawn the ſpirit of nitre z ſince though the 
ſpirit of ſalt that came over did (as we expected) bring over ſo many of the corpuſcles 
of the nitre, that being heated, it would readily enough diſſolve foliated gold; yet the 
ſalt that remained in the retort, being put upon quick coals, did flaſh away with a 


vehement and halituous flame, very like that of common nitre. 


EXPERIMENT VL 


I come now, Pyrophilus, to an experiment, which, though in ſome things it be of 
kin to that which I have already taught you concerning the changing of ſea- ialt by aqua 


fortis, will yet afford us divers other inſtances to ſhew, how upon the change of texture 


in bodies there may ariſe divers new qualities; eſpecially of that ſort, which, becauſe 
they are chiefly produced by chymiſtry, and are wont to be conſidered by chymiſts, if 
not by them only, may in ſome ſenſe be called chymical. 

Tat body, which, partly whilſt we were preparing it, and partly when we had pre- 
pared it, afforded us theſe various phænomena, either is the ſame that Glauberus means 
by his ſal mirabilis, or at leaſt ſeems to be very like it; and whether it be the ſame or 
no, its various and uncommon properties make it very fit to have a place allowed ir 
in this treatiſe; though of the many trials I made with it, I can at preſent find no 
more among my looſe papers than that following part of it that I wrote ſome years ago 
to an ingenious friend, who I know will not be diſpleaſed, if, to fave myſelf ſome time 
and the trouble of examining my memory, I annex the following tranſcript of it. 

[To give you a more particular account of what I writ to you from Oxford of my 
trials about Glauber*s 1alt, though I dare not ſay that I have made the ſeli-· ſame thing 
which he calls his ſal mirabilis, becauſe he has deſcribed it ſo darkly and ambiguouſly, 
that it is not eaſy to know with any certainty what he means; yet whether or ng I have 
not made ſalt, that, as far as I have yet tried it, agrees well enough with what he deli- 
vers of his, and therefore is like to prove either his ſal mirabilis, or almoſt as good a 
one, I ſhall leave you to judge by this ſhort narrative. 5 

Tux ſtrange things that the induſtrious Glauber's writings have invited men to expect 
from his ſal mirabilis, in caſe he be indeed poſſeſſed of ſuch a thing, and the enquiries 
of divers eminent men who would fain learn of me what I thought of its reality and 
nature, invited me the next opportunity I got, to take into my hands his Pars altera 
miraculi mundi, whole title you know promiſes a deſeription of this /al artis mirificum, 
as he is pleaſed to call it. But I confeſs I did not read it near all over, becauſe a great 
part of it is but a tranſcription of ſeveral entire chapters out of Paracelſus, and I 
perceived that much of the reſt did, according to the cuſtom of chymical writings, more 
concern the author than the ſubjects : wherefore, looking upon his proceſs of making his 


ſal miratilis, 1 ſoon perceived he had no mind to make it common, ſince he only bids us, 
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upon two parts of common ſalt diſſolved in water, to pour A, without telling us what that A is. 


Wherefore, reading on in the ſame proceſs, and finding that he tells us that with B (which 
he likewiſe explains not at all, nor determines the quantity of it) one may make an aqua 


fortis, it preſently called into my mind that ſome years before having had occaſion to 
make many trials, mentioned in other tracts of mine, with oil of vitriol and falt-petre, 
J did, among other things, make a red ſpirit of nitre by the help only of oil of vitriol ; 
remembering this, I ſay, I reſorted to one of my Carneades's dialogues *, and reviewing 
that experiment, as I have ſet it down, I concluded, that though I had not diſſolved 
the ſalt- in water, as Glauber doth his common falt, yet, ſince on the other fide 1 


made uſe of external fire, it was probable I might this way alſo get a nitrous ſpirit, 


though not ſo ſtrong. And though by calling the liquor that muſt make an aqua fortis 
B, whereas he had called that which is to make his ſpirit of ſalt and ſal mirabilis, A, 
he ſeemed plainly to make them different things; yet relying on the experiment I had 
made, and putting to a ſolution of nitre as much of the oil of vitriol as I had taken laſt, 
though that be double the quantity he preſcribes for the making of his /al mirabilis, I 
obtained out of a low glaſs body and head in ſand an indifferent good ſpiritus nitri 
that even before rectification would readily enough diſſolve ſilver, though it were diluted 
with as much of the common water wherein ſalt-petre had been diſſolved, as amounted 
at leaſt to double or treble the weight of the nitrous parts. The remaining matter being 
kept in the fire till it was dry, afforded us a ſalt eaſily reducible (by ſolution in fair 
water and coagulation) into cryſtalline grains, of a nature very differing both from crude 
nitre and from fixed nitre, and from oil of vitriol. For it coagulated into pretty big 
and well-ſhaped grains, which, you know, fixed nitre and other alkalizate ſalts are not 
wont to do; and theſe grains were not, like the cryſtals of ſalt- petre itſelf, long and 
hexaẽdrical, but of another figure, not eaſy nor neceſſary to be here deſcribed. 

Bes1pes this vitriolate nitre (if I may ſo call it) would npt eaſily, if at all, flow in 
the air as fixed nitre is wont to do: moreover it was caſily enough fuſible by hear, 
whereas fixed nitre doth uſually exact a vehement fire for its fuſion ; and though crude 
ſalt-petre alſo melts eaſily, yet to ſatisfy you, how differing a ſubſtance this of ours was 
from that, we caſt quick coals into the crucible, without being at all able to kindle it. 
Nay, and when for further trial we threw in ſome ſulphur alſo, though it did flame 
away itleif, yet it did not ſcem to kindle the falt that was hot enough to kindle it; 
much leſs did it flaſh, as ſulphur is wont on ſuch occaſions to make ſalt- petre do. 
Add to all this, that a parcel of this white ſubſtance, being without brimſtone made to 
flow for a while in a crucible with a bit of charcoal for it to work upon, grew mani- 
feſtly and ſtrongly ſcented of ſulphur, and acquired an alkalizate taſte, ſo that it ſeemed 
almoſt a coal of fire upon the tongue, if it were licked before it imbibed any of the 
air's moiſture, and (which many perhaps will, though I do not, think ſtranger) obtained 
alſo a very red colour; which recalled to my mind that Glauber mentions ſuch a change 
obſervable in his ſalt made of common ſalt, upon whoſe account he is pleaſed to call 
ſuch a ſubſtance his Carbunculus. 

Bix invited by this ſucceſs to try whether I could make his /, mirabilis, not- 
withſtanding his intimating, as I lately told you, that it is done with a differing men- 
ſtruum from that wherewith the falr-petre is to be wrought upon; I oblerved, that 
where he points at a way of making his ſalt in quantity without breaking the veſſels, 
de preſcribes that the materials be diſtilled in veſſels of pure ſilver ; whence I conjectured 


See the Sceptical Chemiſt, 
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that it was not aqua fortis or ſpirit of nitre that he employed to open his ſea · ſalt 3 and 


that conſequently, ſince common ſpirit of ſalt was too weak to effect fo great a change 
as the experiment requires, it was very probable that he apo noe oil of ſulphur or 
of vitriol, which will ſcarce at all fret unalloyed filver. And however I concluded, 
that whatſoever the event ſhould prove, it could not but be worth the while to 

what operation ſuch a menſtruum would have upon fea-ſalt, as I was ſure had ſuch a 
notable one upon falt-petre. And I remember, that formerly making ſome experi- 
ments about the differing manners of diſſolution of the ſame concrete by ſeveral liquors, 
I found that oil of vitriol diſſolves ſea-ſalt in a very odd way (which you will find 
mentioned among my promiſcuous experiments): wherefore, pouring upon a ſolution of 
bay-ſalt, made in but a moderate proportion of water, oil of vitriol to the full weight of 
the dry ſalt, and abſtracting the liquor in a glaſs cucurbite placed in fand, I obtained, 
without ſtreſs of fire, beſides phlegm, good ſtore of a liquor, which by the ſmell and 
taſte ſeemed to be ſpirit of ſalt. And to fatisfy myſelf the better, mingling a little of 
it with ſome of the ſpirit of nitre lately mentioned, I found the mixture, even without 
the aſſiſtance of heat, to diſſolve crude gold. And having for further trial's ſake poured 
ſome of it upon ſpirit of fermented urine, till the affuſion ceaſed to produce any con- 
flict, and having afterwards gently evaporated away the ſuperfluous moiſture, there did, 
as I expected, ſhoot in the remaining liquor a ſalt figured like combs and feathers, 


thereby diſcloſing itſelf to be much of the nature of ſal armoniack, ſuch as I elſewhere 


relate my having made, by mingling ſpirit of urine with ſpirit of common ſalt made 


the ordinary way.] 


Tuts, Pyropbilus, is all J can find at preſent of that account, of which I hoped to 
have found much more: but you will be the more unconcerned for my not adding 
divers other things that, I remember, I tried, as well before and after the writing the 


above tranſcribed paper (as particularly that I found the experiment ſometimes to ſuc-- 


ceed not ill, when 1 diſtilled the oil of vitriol and ' ſea-ſalt together, without the inter- 
vention of water, whereby much time was ſaved, and alſo when I employed oil of 
ſutphur, made with a glaſs bell, inſtead of oil of vitriol) if I inform you that afterwards 


I found that Glauber himſelf, in ſome of his ſubſequent pieces, had delivered more 


intelligibly the way of making what he, without altogether ſo great a brag as moſt 
think, calls his ſal mirabilis (which yet ſome very ingenious readers of his writings 


have come to us to teach them) and that thoſe experiments of his about it which I was 


able to make ſucceed (for ſome I was not, and ſome I did not think fit to try); you 


will find, together with thoſe of my own, in more proper places of other papers. Only, 


to apply what hath been above related to my preſent purpoſe, I muſt not here pretermit 
a couple of obſervations. | 
AnD firſt, we may take notice of the power that mixtures, though they ſeem but 
very ſlight, and conſiſt of the ſmalleſt number of ingredients, may, if they make great 
changes of texture, have, in altering the nature and qualities of the compounding bodies. 
For in our (above-recited) caſe, though ſea-ſalt, being a body conſiderably fixed, requires 


a naked fire to be elevated even by the help of copious additaments of beaten -bricks or 


clay, &c. to keep it from fuſion, yet the ſaline corpuſcles are diſtilled over in a mode- 
rate fire of ſand ; whilſt the oil of vitriol, by whoſe intervention they acquire this vola- 
tility, though it be not (like the other) a groſs, or as the ſame chemiſt ſpeaks, corporeal 
ſalt, but a liquor that has been already diſtilled, is yet by the ſame operation ſo fixed 
as to ſtay behind not only in the retort, but, as I have ſometimes purpoſely tried, in 
much conſiderabler heats than that needs in this experiment be expoſed to. Nor only 
is the oil of vitriol made thus far fixed, but it is otherwiſe alſo no leſs changed: for 
when 
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when the remaining ſalt has been expoſed to a competent heat, that it may be very dry 
and white, to be ſure of which I ſeveral times do, when the diſtillation is ended, keep 
the remaining maſs (taken out of the retort and beaten) in a crucible among quick coals, 
you ſhall have a conſiderable quantity (perhaps near as much as the ſea-falt you firſt em- 
ployed) of a ſubſtance which, though not inſipid, has not at all the taſte of ſea-ſalt, 
or any other pungent one, and much leſs the highly corroſive acidity of oil of vi- 

triol. | | 
Ax the mention of this ſubſtance leads me to the ſecond particular I intended to take 
notice of, which is a phænomenon, to confirm what I formerly intimated, that not- 
withſtanding the regular and exquiſite figures of ſome falts, they may, by the addition 
of other bodies, be brought to conſtitute cryſtals of very differing, and yet of curious 
fhapes. For if you diſſolve the hitherto mentioned caput mortuum of ſea-ſalt (after you 
have made it very dry, and freed it from all pungency of taſte) in a ſufficient quantity 
of fair water, and having filtrated the ſolution, ſuffer the diſſolved body leifurely to 
coagulate, you will probably obtain, as I have often done, cryſtals of a far greater 
tranſparency than the cubes, wherein ſea-ſalt is wont to ſhoot, and of a ſhape far differing 
from theirs though oftentimes no leſs curious than that of thoſe cubes; and, which 
makes mainly for my preſent purpoſe, I have often obſerved thoſe finely-figured cryſtals 
do differ as much in ſhape from one another, as from the grains of common falt. And 
indeed I muſt not on this occaſion conceal from you, that whether it be to be imputed 
to the peculiar nature of ſea- ſalt, or (which I judge more probable) to the great diſpari- 


ties to be met with in liquors, that do all of them paſs for oil of vitriol, whether (I ſay) 


it be to this or to ſome other cauſe that the effect is to be imputed, I have found. my 
attempts to make the beſt ſort of ſa! mirabilis ſubject to ſo much uncertainty, that 
though I have divers times ſucceeded in them, I have found ſo little uniformity in the 


ſucceſs, as made me reckon this experiment amongſt contingent ones, and almoſt weary. 


of meddling with it. 


EXPERIMENT VI. 


1 nend Pyropbilus, | once made an 
portunity to repeat, and had done ſo with the like ſucceſs, I ſhould be tempted to look 


upon it, though not as a lucriferous experiment: (for it is the quite contrary) yet as ſo. 


lucriferous a one, as, how much ſoever it may ſerve to recommend chemiſtry. itſelf, 
may no leſs diſpleaſe envious chemiſts, who will be troubled, both that one who - admits 
not their principles, ſhould deviſe ſuch a thing, and that, having found it, he ſhould 
not (chemiſt like) keep it ſecret. | 


Bur to give you a plain and naked account of this matter, that you may be able the 


better to judge of it, and, if you pleaſe, to repeat it, I will freely tell you, that ſup- 
poſing all metals, as well as other bodies, to be made of one catholick matter common 
to them all, and to differ but in ſhape, ſize, motion, or reſt, and texture of the ſmall 


\ 


„Though this VIIth experiment, being confiderable and very pertinent, the author thought fit to 


mention it, ſuch as it is here delivered, when he writ it but to a private friend; yet, after he was induced 


to publiſh theſe papers, it was the (now raging) plague, which drove him from the accommodation - 


requiſite to his purpoſe, that fruſtrated the deſign he had of firſt repeating that part of the experiment 


which treats of the deſtruction of gold: for as for that part which teaches the volatilization of it, he had 
tried that often enough before. | | 


parts 


experiment, which if I had had the op- 
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rts they conſiſt of, from which affections of matter the qualities, that difference par 
icular bodies, reſult. I could not ſee any impoſlibility in the nature of the thing, that 
one kind of metal ſhould be tranſmuted into another (that being in effect no more than 
that one parcel of the univerſal matter, wherein all bodies agree, may have a texture 
roduced in it like the texture of ſome other parcel of the matter common to them 
th). . | is 7 
Aud having firſt ſuppoſed this, I further conſidered that in a certain menſtruum, 
which, according to vulgar chemiſts doctrine, muſt be a worthleſs liquor, according to 
my apprehenſion there muſt be an extraordinary efficacy in reference to gold, not only 
to diſſolve and otherwiſe alter it, but to injure the very texture of that ſuppoſedly immu- 
table metal. ; 
Tus menſtruum then I choſe to try, whether it could not diſſolve gold with, is made 
by pouring on the re&ified oil of the butter of antimony as much ſtrong ſpirit of nitre, 
as would ſerve to precinitate out of it all the bezoarticum minerale; and then with a 
good ſmart fire diſtilling off all the liquor that would come over, and (if need be) 
-cohobating it upon the antimonial powder. For though divers chemiſts that make this 
liquor throw it away, upon preſumption that, becauſe of the ebullition that is made by 
the affuſion of the ſpirit to the oil and the conſequent precipitation of a copious powder, 
the liquors have mutually deſtroyed or diſarmed each other; yet my notions and expe- 
rience of the nature of ſome ſuch mixtures invite me to prize this, and give it the name 
of menſtruum peracutum. - | 
Havins then provided a ſufficient quantity of this liquor (for I have obſerved that 
gold ordinarily requires a more copious ſolvent than ſilver) we took a quantity of the 
-beſt gold we could get, and melted it with three or four times its weight of copper, 
which metal we chuſe rather than that which is more uſual among refiners, ſilver, that 
there may be the leſs ſuſpicion that there remained any ſilver with the gold after their 
ſeparation : this mixture we put into good aqua fortis or ſpirit of nitre, that all the cop- 
per being diſſolved, the gold might be left pure and finely powdered at the bottom; 
this operation with aqua fortis being accounted the beſt way of refining gold that is yet 
known, and not ſubject, like lead, to leave any ſilver with it, ſince the aqua fortis takes 
up that metal. And for greater ſecurity we gave the powder to an ancient chemiſt to 
'boil ſome more of the menſtruum upon it, without communicating to him our deſign. 
This highly refined gold being by a competent degree of heat brought, as is uſual, to 


its native colour and luſtre, we put to it a large proportion of the menſtruum peracutum 


(to which we have ſometimes found cauſe to add a little ſpirit of ſalt to promote the 
ſolution) wherein it diſſolves ſlowly and quietly enough; and there remained at the 
-bottom of the glaſs a pretty quantity (in ſhew, though not in weight) of white powder 
that the menſtruum would not touch ; and, if I much miſremember not, we found it as 
indiſſolvable in aqua regis too. The ſolution of gold being abflrated, and the gold 
again reduced into a boy, did, upon a ſecond ſolution, yield more of the white pow- 
der, but not (if I remember aright) ſo much as at the firſt: now having ſome little 
quantity of this powder, it was caſy, with borax or ſome other convenient flux, to melt 
it down into a metal, which metal we found to be white like ſilver, and yielding to the 
hammer, if not to a leſs preſſure, and ſome of it being diſſolved in aqua fortis or ſpirit 
of nitre, did, by the odious bitterneſs it produced, ſufficiently confirm us in our expec- 
tation to find it true ſilver. 4Þ 
I pouBT not but you will demand, Pyrophilus, why I did not make other trials with 
this factitious metal, to ſee in how many other qualities I could verify it to be filver 


but the quantity I recovered after fuſion was ſo ſmall, ſome of it perhaps being left 
either 
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either in the flux or in the crucible, that I had not wherewithal to make many trials ; 
and being well enough ſatisfied by the viſible properties and the taſte peculiar to ſilver, 
both that it was a metal, and rather ſilver than any other, I was willing to keep the reſt 
of it for a while, as a rarity, before I made further trials with it z but was ſo unfortu- 
nate as with it to loſe it in a little ſilver box, where I had ſomething of more value, 
and poſſibly of more curioſity. | 
| You will alſo afk why I repeated not the iment ? To which I ſhall anſwer, that, 
beſides that one may eaſily enough fail in making the menſtruum fit for my purpoſe, 
T did, when I had another opportunity (for I was long without it) make a ſecond 
attempt; and having, according to the above mentioned method, brought it ſo far 
that there remained nothing but the melting of the white powder into filver, when 
having waſhed it, I had laid it upon a piece of white paper by the fire's ſide to dry, 
being ſuddenly called out of my chamber, an ignorant maid, that in the mean time 
came to dreſs it up, unluckily ſwept this paper, as a foul one, into the fire; which 
diſcouragement, together with a multiplicity of occaſions, have made me ſuſpend the 
purſuit of this experiment till another opportunity. But in the mean time I was confirmed 
in ſome part of my conjecture by theſe things. | 
THE wy by finding, that with ſome other menſtruums, which J tried, and even 
with good aqua regis itſelf, I could obtain from the very beſt gold J diſſolved in them 
ſome little quantity of ſuch a white powder as I was ſpeaking of; but in ſo very ſmall 
x proportion to the diſſolved gold, that I had never enough of it at once to think it 
worth proſecuting trials with. | 
Tux other was this, that a very experienced mineraliſt whom I had acquainted with 
part of what I had done, aſſured me that an eminently learned and judicious perſon- 
that he named to me, had, by diſſolving gold in a certain kind of aqua regis, and after 
by reduction of it into a body, re- diſſolving it again, and repeating this operation very 


often, reduced a very great if not much the greater part of an ounce of gold into ſuch a- 
white powder. 


AnD the third thing that confirmed me was the proof given me by forme trials, that 
I-purpoſely made, that the menſtruum peracutum I employed: had a notable operation 
upon gold, and would perform ſome things (one of which we ſhall by and by mention) 
which judicious men, that play the great criticks in chemiſtry, do not think feaſible ; 
ſo that there ſeems no greater cauſe to doubt, that the above-mentioned ſilver was really 
obtained out of the pure gold, than only this, that men have hitherto ſo often in vain 
attempted to make a real tranſmuration of metals (for the better or for the worſe) and 
to deſtroy the moſt fixed and compacted body of gold, that the one is looked upon as 
an unpracticable thing, and the other as an indeſtructible metal. 

To reflect then a little upon what we have been relating, if we did not miſtake nor 
impoſe upon ourſelves (I ſay upon ourſelves, the project being our own, and purſu- d 
without acquainting any body with our aim) it may afford us very conſiderable conſe- 
quences of great moment. | 
Aub in the firſt place, it ſeems probably reducible from hence, that however the 
chemiſts are wont to talk irrationally enough of what they call zinfura auri and anima 
auri; yet, in a ſober fenſe, ſome ſuch thing may be admitted: I fay, ſome ſuch thing, 
becauſe as on the one hand I would not countenance their wild fancies about theſe mat- 
ters, ſome of them being as unintelligible as the Peripatetics ſubſtantial forms; ſo, on 
the other hand, I would not readily deny but that there may be ſome more noble and 
fubtile corpuſcles, that being duly conjoined with the reſt cf the matter whereof gold 
conſiſts, may qualify that matter to look yellow, to reſiſt aqua fortis, and to exhibit tnoſe 


other 
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other peculiar phænomena that diſcriminate gold from filyer-z and yet theſe noble parts 
may either have their texture deſtroyed by a very piercing menſtruum or by a greater 
congruity with its corpuſeles than with thoſe of the remaining part of the gold; may 
ſtick. more cloſe to the former, and by their means be extricated and drawn away from 
the latter. As when (to explain my meaning by a groſs example) the corpuſcles of 
ſulphur and mercury do, by a ſtrict coalition, aſſociate themſelves into the body we call 
vermilion, though theſe will riſe together in ſublimatory veſſels, without being divorced 
by the fire, and will act in many caſes as one phyſical body; yet it is known enough 
among chemiſts that if you exquiſitely mix with it a due proportion of ſalt of tartar, the 
parts of the alkali will aſſociate themſelves more ſtrictly with thoſe of the ſulphur than 
theſe were before aſſociated with thoſe: of the mercury; whereby you ſhall obtain out of 
the-cinnabar, which ſeemed intenſely red, a real mercury that will look like fluid ſilver. 
And this example prompts me to mind you, Pyrophrius, that, at the beginning of this 


paragraph I ſaid no more than that the conſequence I have been deducing might proba- 


bly be inferred from the premiſes. For as it is not abſurd to think that our menſtruum 
may have a particular operation upon ſome noble and (if I may ſo call them) ſome: 
tinging parts of the gold, ſo it is not impoſſible but that the yellowiſhneſs of that rich 
metal may proceed not from any particular corpuſcles of that colour, but from the 
texture of the metal; as in our lately- mentioned example, the cinnabar was highly red, 
though the mercury it conſiſted of were ſilver- coloured, and the ſulphur but a pale yel- 
low; and conſequently the whiteneſs and other changes produced in the new metal we 
obtained, may be attributed, not to the extraction of any tinging particles, but to a 


Change of texture, whereon the colour as well as other propertics of the gold did de- 


pend. But that which made me unwilling to reject the way I firſt propoſed of expli- 
cating this change of colour, was, that a mineraliſt of great veracity hath ſeveral times 
aſſured me that a known perſon in the relator's country, the Netherlands, got a great 
deal of money by the way of extracting a blue tincture out of copper, ſo as to leave 
the body white; adding, that he himſelf, having procured from a friend (to fatisfy- 
his curioſity) a little of the menſtruum (whoſe chief ingredients his friend communicated 
to him and he to me) he did, as he was directed, diſſolve copper in common aqua fortis, 
to reduce it into ſmall parts; and then having kept the calx of the powder of this 

copper for ſome hours in this menſtruum, he perceived that the clear liquor, which was 
weak in taſte, did not diſſolve the body of the metal, but only extract a blue tincture, 
leaving behind a very white powder, which he quickly reduced by fuſion into a metal of 


the ſame colour, which he found as malleable as before; which I the leſs wonder at, 


becauſe the experienced. chemiſt Jobannes Agricola, in his Dutch annotations upon Pop- 
Pius, mentions the making of a white and malleable copper in good quantities upon his: 
own knowledge; and that of ſuch a kind of copper 1 have with pleaſure made trial, 
I elſewhere relate. But of theſe matters we may poſſibly ſay more in a convenient 
ace, re | 

N Tux ſecond thing that ſeems deducible from our former narrative is, that however 
moſt (for I ſay not all) of the jadiciouſeſt among the chemiſts themſelves, as well as 
among their adverſaries, believe gold too fixed and permanent a body to be changeable 
by art, inſomuch that it is a received axiom amongſt many eminent Spagyriſts, that 
facilius eſt aurum conſtruere, quam deſtruere ; yet gold itſelf is not abſolutely inde- 
ſtructible by art, ſince gold being acknowledged to be an homogeneous metal, a part 
of it was, by our experiment, really changed into a body that was either true ſilver, or 
at leaſt a new kind of metal very different from gold. And ſince it is generally con- 
teſſed, that among all the bodies we are allowed to obſerve near enough, and to try 

| our 
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nur kill upon, there is not any whole form is more ſtrictly united to its matter than 
that of gold; and Gate allo. the operation, by which the white powder was pro- 
duced, was only made by a corroſtve liquor, without violence of fire; it ſeems at leaſt 
a very probable inference that there is not any body of ſo conftant and durable a nature, 
but that, notwithſtanding its perſiiting inviolated in the midft of divers ſenſible diſguiſes, 
its texture, and conſequently its nature, may be really deftroyed, in cafe this more 
powerful and appropriated agent be brought by a due manner of application to work 
upon the body, whole texture is to be deſtroyed. gs 

Bur this matter we elſewhere handle, and therefore ſhall now proceed to the laſt 
and chief conſectaries of our experiment. | 

TzrrDLiy then, it ſeems deducible from what we have delivered, that there may be a 
real tranſmutation of one metal into another, even among the perfecteſt and nobleſt 
metals, and that effected by factitious agents in a ſhort time, and, if 1 may fo ſpeak, 
after a mechanical manner. I ſpeak not here of projection, whereby one part of an 
aurifick powder 1s ſaid to turn I know not how many hundred or thouſand parts of an 


ignobler metal into ſilver or gold, not only becauſe, though projection includes tranſ— 


mutation, yet tranſmutation is not all one with projection, but far eaſier than it; but 
chiefly becauſe it is not in this diſcourſe you are to expect what I can ſay, and do think, 
concerning what men call the philoſophers ſtone. To reſtrain myſelf then do the expe- 
riment we are conſidering, that ſeems to teach us that at leaft amongſt inanimate bo- 
dies the nobleſt and conſtanteſt fort of forms are but peculiar contrivances of the matter, 
and may by agents, that work but mechanically, that is, by locally moving the parts 
and changing their fizes, ſhape, or texture, be generated and deſtroyed ; ſince we ſee 
that in the fame parcel of metalline matter which a little before was true and pure gold, 
by having ſome few of its parts withdrawn and the reſt tranſpoſed or otherwiſe altered 
in their ſtructure (for there appears no token that the menſtruum added any thing to 
the matter of the produced filver) or by both theſe ways together, the form of gold, 
of that- peculiar modification which made it yellow, indiſſoluble in aqua fortis, Sc. 
is aboliſhed ; and from the new texture of the ſame matter there ariſes that new form 
or convention of accidents, from which we call a metal fiiver. And fince ours was 
not only diſſoluble in aqua fortis, but exhibited that exceſſively bitter taſte which is 
peculiar to ſilver, there ſeems no neceſſity to think that there needs a diſtinct agent, or 
a peculiar action of a ſubſtantial form to produce in a natural body the moft peculiar 
and diſcriminating properties. For it was but the ſame menſtruum, devoid of bitter- 
neſs, that by deitroying the texture of gold changed it into another, upon whoſe account 
it acquired at once both whiteneſs in colour, diſſolubleneſs in aqua fortis, and aptneſs to 
1 a bitter body with it, and I know not how many other new qualities are attri- 
uted. 6 

Lx it is obvious to object that it is no very thrifty way of tranſmutation, inſtead 
of exalting ſilver to the condition of gold, to degiade gold to the condition of ſilver. 
But a tranſmutation is nevertheleſs more or leſs real for being or not being lucriferous; 
and ſince that may inrich a brain that may impoveriſh a purſe, I muſt look upon your 
humour as that of an alchymiſt, rather than of a philoſopher, if I durſt not expect that 
the inſtructiveneſs in ſuch an experiment will ſuffice to recommend it to you And if I 
could have ſatisfied myſelf that good authors are not miſtaken about what they affim of 
the tranſmutation of iron into copper, though, the charge and pains confi.ered, it be 
a matter of no gain, yet I ſhould have thought it an experiment of great worth, as 
well as the tranſmutation of filver into gold. For it is no ſmall matter to remove the 
dounds that nature ſeems very indultriouſly to have ſet to the alterations of badies ; 
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eſpecially among thoſe durable and almoſt immortal kinds, in whoſe conſtancy to their firſti 
forms nature ſeems to have deſigned the ſhewing herſelf invincible by art. 

I sRouvLD here, Pyrophilus, conclude what I have to ſay of the experiment that hath» 
already ſo long entertained us, by recommending to you the repetition of what I had not 
the opportunity to try above once from end to end, were it not that I remember ſome- 
thing I ſaid about the menſtruum peracutum, may ſeem to import a promiſe of communi- 
cating to you ſomething of the efficacy of that liquor upon gold. And therefore partly- 
for that reaſon, and partly to make ſure that the preſent diſcourſe ſhall not be uninſtruc- 
tive to you, I would add, that though not only the generality of refiners and mineraliſts, 
but divers of the moſt judicious cultivators of chymiſtry itſelf, hold gold to be ſo fixed a 
body, that it can as little be volatilized as deſtroyed, and that upon this ground, that 
the proceſſes of ſubliming or diftilling gold to be met with in divers chymical books 
are either myſtical, or unpracticable, or fallacious (in which opinion I think. them not 
much miſtaken) z; though this, I ſay, be the perſuaſion! even of ſome critical chymiſts, 
yet, upon the juſt expectation I had to find my menſtruum very operative upon gold, 


I attempted and found a way to elevate it to a. conſiderable height, by a far leſs propor- 


tion of additament, than one that were not fully perſuaded of the poſſibility of elevating. 
gold would imagine; and though I have indeed found by two or three ſeveral liquors 

(eſpecially the aqua pugilum, enigmatically deſcribed by Ba/ilius) that the fixedneſs of 
gold is not akogether invincible, yet I found the effect of theſe much inferior to that of 
our mixture; touching which I ſhall relate to you the eaſieſt and ſhorteſt, though not 
perhaps the very beſt, manner of imploying it. N | 

| We take then the fineſt gold we can procure, and having either granulated it or lami- 
nated it, we diſſolve it in a moderate heat with a ſufficient quantity of the menſtruum per- 
acutum, and having carefully decanted the ſolution into a conveniently ſized retort, we- 
very gently in a ſand- furnace diſtil off the menſtruum; and if we have a mind to elevate 

the more gold, we either pour back upon the remaining ſubſtance the ſame menſtruum, 
or, which is better, re-diſſolve it with freſh. The liquor being abſtracted, we urge the 

remaining matter by degrees of fire, and in no ſtronger a one than what may eaſily be 
given in a ſand furnace, a conſiderable quantity of the gold will be elevated to the upper 
part of the retort, and either fall down in a golden-coloured liquor into the receiver, or, 

which is more uſual, faſten itſelf to the top and neck in the form of a yellow and reddiſh 

ſublimate ; and ſometimes we have had the neck of the retort inriched with good ſtore of 


large thin cryſtals, not yellow but red, and moſt like rubies, very. glorious to behold 


(though even theſe being taken out and ſuffered to lie a due time in the open air, would 

Joſe their ſaline form, and run per deliquium into a liquor), Nor fee I any cauſe to doubt 
but that by the re affuſions of a freſh menſtruum upon the dry calx of gold that 
ſtays behind, the whole body of the metal may be eaſily enough made to paſs through. 
the retort, though for a certain reaſon I forbore to proſecute the experiment fo far. 

Bur here, Pyrophilus, I think myſelf obliged to interpoſe a caution, as wWelh as to give” 
you a further information about our preſent experiment. For firſt J muſt tell you, that 
though even learned chymiſts think it a ſufficient proof of a true tincture, that not only 
the colour of the concrete will not be ſeparated by diſtillation, but the extracted liquor 
will pals over tincted into the receiver; yet this ſuppoſition, though it be not unworthy 
of able men, may in ſome caſes deceive them. And next 1 muſt: tell you, that whereas 
1 ſcruple not in ſeveral writings of mine to teach that the particles of {olid and conſiſtent 


bodies are not always unfit to help to make up fluid ones, I ſhall-now venture to ſay fur 


ther, that even a liquor made by diſtillation, how volatile foever ſuch liquors may be 
2 thought, 
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thought, may in part conſiſt of corpuſcles of the moſt compact and ponderous bodies in 


the world. 

Now to manifeſt both theſe things, and to ſhew you withal the truth of what I elſe- 
where teach, That ſome bodies are of ſo durable a texture, that their minute parts will retain 
their own nature, notwithſtanding variety of diſguiſes, which may impoſe not only upon 
other men, but upom chymiſts tbem ſelves I will add, that to proſecute the experiment, I 


dropped into the yellow liquor afforded me by the elevated gold a convenient quantity of 


clean running mercury, which was immediately coloured with a golden coloured film, 
and ſhaking it to and fro, tili the menſtruum would gild no more, when I ſuppoſed the 
gold to be all preci;:itated upon the mercury, I decanted the clarified liquor, and mix- 
ing the remaining amalgam (if I may ſo call it) of gold and mercury with ſeveral times 
its weight of borax, I did as I expected ; by melting them in a ſrmall crucible, I calily re- 
covered the ſcattered particles of the elevated metal, reduced into one little maſs or bead 
of corporal or yellow (though perhaps ſomewhat paliſh) gold. But yet whether the gold 
that tinged the menſtruum might not, before the metal was reduced or precipitated out 
of it, have been more ſucceſsfully applied to fome conſiderable purpoſes than a bare ſolu- 
tion of gold that hath never been elevated, may be a queſtion which I muſt not in this 
place determine, and ſome other things that I have tried about our elevated gold, I have 
elſewhere taken notice of; only this further uſe I ſhall here make of this experiment, that 
whereas I ſpeak in other papers as if there may be a volatile gold in ſome ores and other 
minerals, where the mine-men do not find any thing of that metal, I mention ſuch a thing 


upon the account of the paſt experiment and ſome analogies. And therefore as I would 


not be underſtood to adopt what every chymical writer is pleaſed to fancy concerning vo- 
latile gold; fo I think judicious men that are not ſo well acquainted with chymical opera- 
tions, are ſometimes too forward to condemn the chymiſts obſervations ; not becauſe 
their opinions have nothing of truth, but becauſe they have had the ill luck not to be 
warily enough propoſed. . And to give an inſtance in the opinion that ſome minerals have 
a volatile gold (and the like may be ſaid of filver) I think I may give an account rational 
enough of my admitting ſuch a thing, by explicating it thus : that as in our experiment, 
though after the almoſt total abſtraction of the menſtruum, the remaining body being true 
gold, and conſequently in its own nature fixed, yet it is ſo ſtrictly aſſociated with ſome 
volatile ſaline particles, that theſe being preſſed by the fire, carry up along with them the 
corpulcles of the gold, which may be reduced into a maſs by the admiſtion of borax, or 
{ome other body fitted to divorce the corpuſcles of the metal from thoſe that would ele- 


vate them, and to unite them into grains, too big and ponderous to be ſublimed : fo in 


ſome mineral bodies there may be pretty ſtore of corpuſcles of gold ſo minute, and fo 
blended with the unfixed particles, that they will be carried up together with them by ſo 


vehement a heat, as is wont to be imployed to bring ores, and even metalline maſles to 


fuſion. And yet it is not impoſſible but that theſe corpuſcles of gold, that in ordinary 
fuſions fly away, may be detained and recovered by ſome ſuch proper additament, as may 
either work upon and (to uſe a chymical term) mortify the other parts of the maſs, with- 
out doing ſo upon the gold; or, by aſſociating with the volatile and ignobler minerals 
ſome way or other, diſable them to carry away the gold with them, as they otherwiſe 
may do; or by its fixedneſs and cognation of nature make the diſperſed gold imbody 
with it. On which occaſion I remember that a very ingenious man defiring my thoughts 
upon an experiment which he, and ſome others that were preſent at it, looked upon as 
very ſtrange; namely, that ſome good gold having for a certain trial been coupled with 
a great deal of lead, inſtead of being advanced in colour as in goodneſs, was grown 
manifeſtly paler than before; my conjecture being, that fo great a proportion of lead 
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might contain divers particles of yolatile filver, which meeting with the fixed body of the 
gold by incorporating therewith was detained, was much confirmed by finding upon 
inquiry that the gold, inſtead of loſing its weight, had it conſideraby increaſed ; which 
did much better anſwer my gueſs, than it did their expectation that made the experi- 
ment, and were much furprifed at the event. But this is no fit place to proſecute the 
conſideration of the additaments that may be uſed to unite and fix the particles of the 
nobler metals blended with volatile bodies; though perhaps what hath been ſaid may 
afford ſome hint about the matter, as well as ſome apology for the chymical term, vola- 
tile gold: the poſfibility of which, I preſume, we have evinced by the latter part of this. 
experiment (in which I am ſorry I cannot remember the proportion of the remaining. 
ſalts that were able to elevate the gold) for that I have ſeveral times made, and 
therefore dare much more confidently rely on it, than. I can preſs you to do on the for- 
mer part (about the tranſmutation, or at leaſt deſtruction of gold) till you or I ſhall have 
opportunity to repeat that trial. | 


EXPERIMEN T VII. 


Tnovon, Pyrophilus, the experiment I am about to ſubjoin may at the firſt glance 
ſeem only to concern the production of taſtes, and be indeed one of the principal that I 


deviſed concerning that ſubject, and that belongs to the notes I have made about thoſe 


qualities, yet, if you do not of yourſelf take notice of it, I may hereafter have occaſion 
to ſhew you, that there are ſome particulars in this experiment that are applicable to 
more than taſtes. And fince I had once thoughts (however ſince diſcouraged by the dif- 
ficulties of the attempt) to make my notes extend even to divers qualities, which the ope- 
rations of chymiſts and the practice of phyſicians have made men take notice of (ſuch 
as the powers of corroding, precipitating, fixing, purging, bliſtering, ſtupefying, Sc.) 
I preſume you will not diſlike that one, who had thoughts to {ay ſomething even of chy- 
mical and medical qualities, if 1 may ſo call them, ſhould give you here an experiment 
or two about more obvious, though particular affections of bodies, when there are ſeve- 
ral things in the experiment that may be of a general import to the doctrine of the origin 
of qualiries and forms. | | 

WE took then an ounce of refined ſilver, and having diſſolved it in aqua fortis, we 
ſuffered it to ſhoot into cryſtals, which being dried, we found to exceed the weight of the 
filver by ſeveral drachms, which accrued upon the coagulation of the acid ſalts that had 
diſſolved and were united to the metal. Theſe cryſtals we put into a retort, and diſtilled 
them in fand, with almoſt as great a heat as we could give in a hammered iron. furnace, 
wherein the operation was made; but there came over only a very little ſouriſh phlegm 
with an ill ſcent : wherefore the ſame retort being ſuffered to cool, and then coated, it was 
removed to another furnace, capable of giving a far higher degree of heat, namely, that 
of a naked fire, and in this furnace the diſtillation was purſued by the ſeveral degrees of 
heat, till at length the retort came to be red-hot, and kept ſo for a good while: but 
though even by this operation there was very little driven over, yet that ſufficiently 
manifeſted what we aimed at ſhewing, namely, that a body extremely bitter might 
afford, as well as it confiſted of, good ſtore of parts that are not at all bitter, but 
(which is a very differing taſte) eminently ſour. For our receiver being taken off even 
when it was cold, the contained ſpirit ſmoked out like rectified aqua fortis, and not only 
ſmelt and taſted like aqua fortis, to the annoyance of the noſe and tongue, but being 
poured upon filings of crude copper, it fell immediately to corrode them with violence, 


making, 


Origin of Qualities and Forms. 


making much hiſſing, and ſending up thick fumes, and in a trice produced with the cor- 
roded copper a bluiſh colour, like that which that metal is wont to give in good aqua 
fortis. | | 

AFTERWARDS We took minium and aqua fartis, and made a ſolution, which being fil- 
tred and evaporated, left us a ſaccharym Saturni much like the common, made with ſpi- 
rit of vinegar ; then taking this ſweet vitriol of lead (as we elſewhere call it) we endea- 
voured in the formerly mentioned ſand- furnace to drive it over in a retort ; but finding 
that degree of fire incompetent to force over any thing, fave a little phlegmatick liquor, 
we cauſed the retort to be coated and transferred to the other furnace, where being urged 


with a naked fire, it afforded at length a ſpirit ſomewhat more copious than the ſilver had 


done. This ſpirit ſmoked in the cold receiver as the other had, and did, like it, rankly 
ſmell of aqua fortis, and was ſo far from retaining any of the ſweetneſs of the concrete 
that had yielded it, that it was offenſively acid, and being poured upon minium, it did 
with noiſe and bubbles fall upon it, and quickly afforded us a liquor, which being filtred 
did, by its ſweetneſs, as well as other proofs, aſſure us, that there would have needed 
but a gentle evaporation (if we had leiſure to make it) to obtain from it a true ſugar of 
lead. And it is remarkable that the concrete, which appeared white before diſtillation, 
remained, for the molt part, behind in the retort in the form of a caput mortuum (ſome- 
times we have had it in a yellowiſh lump) which was neither at all ſweet, as the vitriol of 
lead itſelf had eminently been, nor at all ſour, as the liquor diſtilled from it was in a high 
degree; but ſeemed rather inſipid, and was indeed but a calx of lead, which the heat of 
the fire had in part reduced into true and manifeſt lead in the retort itſelf, as appeared 
by many grains of ſeveral ſizes that we met with in the caput mortuum (the reſt of 
which is eaſily enough reducible by fuſion, with a convenient flux, into malleable 
lead). | 

THERE are ſome phenomena of this experiment, that we may elſewhere have occa- 
fion to take notice of, as particularly, that notwithſtanding ſilver be a body ſo fixed in 
the fire, that it will (as it is generally known) endure the cupel itſelf, and though in the 
dried cryſtals of ſilver, the falt, that adheres to the ſilver, increaſes the weight of the 


metal but about a fourth or a third part; yet this ſmall proportion of ſaline corpulcles 


was able to carry up ſo much of that almoſt fixedeſt of bodies, that more than once we 
have had the inſide of the retort, to a great height, ſo covered over with the metalline 
corpuſcles, that the glaſs ſeemed to be ſilvered over, and could hardly, by long ſcraping, 
be freed from the copious and cloſely adhering ſublimate. | 
Bur the phanomenon that I chiefly deſire to take notice of at preſent is this, that not 


only aqua fortis, being concoagulated with the differing bodies, may produce very dit- | 


tering concretes, but the ſame numerical ſaline corpuicles, that, being aſſociated with 
thoſe of one metal, had already produced a body eminent in one taſte, may atterwards, 
being freed fron that body, compoſe a liquor eminent for a very differing tate; and 
after that too, being combined with the particles of another metal, would wich them 
conſtitute a body of a very eminent taſte, as oppoſite as any one can be to both 
the other taſtes; and yet theſe ſaline corpuſcles, if, inſtead of this ſecond metal, 
they ſhould be aſſociated with ſuch a one as that they are driven from, would therewith 
exhibit again the firſt of the three mentioned taites. To prove all this, we took cry ſtals 


of refined ſilver made with aqua fortis, and though theſe cryſtals be, as we olten note, 


ſuperlatively. bitter, yet having by a naked fie extorted from them what ſpirit we 
could, and found that, as we expected, extremely acid, we put one part 0: it upon a 
few filings of ſilver, of which it readily made a ſolution more bitter than gall, and the 
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-other part of the diſtilled liquor we poured upon minium. And though whilſt it had 
been an ingredient of the cryſtals of ſilver committed to diſtillation, it did with that metal 
compoſe an exceſſively bitter ſubſtance, yet the ſame particles being looſened from that 
metal, and aſſociated with thoſe of the lead, did with them conſtitute a ſolution, which 
by evaporation afforded us a ſaccharum Saturni, or a vitriol ſweet as ſugar. And for 
further confirmation, we varied the experiment, having in a naked fire diſtilled ſome 
dried ſaccharum Saturni made with aqua fortis, the little liquor that came over, in pro- 
portion to the body that afforded it, was ſo ſtrong a ſpirit of nitre, that for ſeveral hours 
the receiver was filled with the red fumes; and though the ſmoking liquor were hugely 
ſharp, yet part of it being poured upon a piece of its own caput mortuum (in which we 
perceived not any taſte) did at length (for it wrought but very ſlowly) exhibit ſome little 
grains of a ſaccharine vitriol ; but the other part being put upon filings of ſilver fell upon 
it immediately with noiſe and ſtore of ſmoke, and a while after concoagulated with part of 
it (which it had diſſolved) into a ſalt exceſſively bitter. 


EXPERIMENT IX. 


The artificial tranſmutation of bodies being, as the rareſt and difficulteſt production, 
ſo one of the nobleſt and uſefulleſt effects of human ſkill and power, not only the clear 
inſtances of it are to be diligently ſought for and prized, but even the probabilities of 
effecting ſuch an extraordinary change of bodies are not to be neglected ; eſpecially if the 
verſion hoped for be to be made betwixt bodies of primordial textures (if I may ſo call 
them) and ſuch bodies as by the greatneſs of their bulk, and by their being to be found 
in moſt of the mixed bodies here below, make a conſiderable part of thoſe that we men 
have the moſt immediately to do with. Invited by theſe conſiderations, Pyrophilus, 1 
ſhall venture to give you the account of ſome obſervations and trials about the tranſmuting 
of water into earth, though it be not ſo perfect as I wiſh, and as I hope by God's bleſ- 
ſing to make it. | 

Tre firſt occaſion afforded me to do any thing about this matter was my being con- 
ſulted by a gentleman (an antient chymiſt, but not at all a philoſopher) who relating to me 
how much he had (with the wonted ſucceſs of ſuch attempts) laboured after the grand 
Arcana, complained to me, among other things, that, having occaſion to imploy great 
quantity of putrified rain- water, he obtained from it much leſs than he wiſhed of the ſub- 
ſtance that he looked for, but a great deal of a certain whitiſh excrementitious matter, 
which he knew not what to make of. This gave me the curioſity firſt to deſire a ſight 
of it, in caſe he had not thrown it away (which by good fortune he had not) and then, 
taking notice of the unexpected plenty, and ſome of the qualities of it, to aſk him ſome _ 
queſtions which were requiſite and ſufficient to perſuade me, that this reſidence came not 
trom accidental foulneſs of the water, nor of the veſſels it was received in. This I after- 
wards often thought of, and indeed it might juſtly enough awaken ſome ſuſpicions, that 
the little motes that have been ſometimes obſerved to appear numerous enough in pure 
rain-water, Whilſt it is diſtilling, might not be merely accidental, but really produced, 
as well as exhibited by the action of the fire. T thought it then worth while to proſecute 
this matter a little farther 3 and having put a pretty quantity of diſtilled rain-water in a 
clean glaſs body, and fitted it with a head and a receiver, I ſuffered it to ſtand in a 
digeſtive furnace, till by the gentle heat thereof the water was totally abſtracted, and 
the veſſcl left dry; which being taken out of the ſand, J found the bottom of the glaſs 
covered over with a white (but not ſo very white) ſubſtance, which being ſcraped off 
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with a knife, appeared to be a fine earth, in which I perceived no manifeſt taſte, and . 
which, in a word, by ſeveral qualities ſeemed to be earth, 

Tuts encouraged me to re- diſtil the rain- water in the ſame glaſs body, whoſe bottom, 
when the water was all drawn off, afforded me more of the like earth: but though the 
repetition of the experiment, and my having, for greater caution, tried it all the while 
in a new glaſs, that had not been imployed before to other uſes, confirmed me much in 
my conjecture, that unleſs it could be proved, which I think will ſcarce be pretended, 
that ſo inſipid a liquor as rain-water ſhould, in ſo gentle a heat, diſſolve the moſt cloſe 
and almoſt indeſtructible body of glaſs itſelf (which ſuch corroſive menſtruums as aqua 
fortis and aqua regis are wont to leave unharmed) the earthy powder I obtained from al- 
ready diſtilled rain- water, might be a tranſmutation of ſome parts of the water into that 
ſubſtance ; yet having unhappily loſt part of my powder, and conſumed almoſt all the 
reſt (for I kept a little by me, which you-may — ſech J ſhould, till I had more frequent- 
ly reiterated my experiments (which then I had not opportunity to do, though I had 
thoughts of doing it alſo with ſnow-water that I had put into chymical glaſſes for that 
purpoſe, and with liquor of melted hail,. which I had likewiſe provided) and thereby alſo 
obtained ſome more of this virgin earth (as divers chymiſts would call it) to make farther: 
trials with, have retained greater ſuſpicions, if I had not afterwards accidentally fallen 
into diſcourſe of this matter with a learned phy ſician, who had dealt much in rain- water; 
but he much confirmed me in my conjecture, by aſſuring me that he had frequently 
found ſuch a white earth as I mentioned in diſtilled rain-water, after he had diſtilled the 
ſame numerical liquor (carefully gathered at firſt) I know not how many times one after 
another; adding, that he did not find (any more than I had done) any cauſe to ſuſpect, 
that if he had continued to re- diſtil the ſame portion of water, it would have yielded him 
more earth, 


Bur the odcneſs of the experiment ſtil] keeping me in ſuſpenſe, it was not without 


much delight, that afterwards mentioning, it to a very ingenious perſon, whom without 


his leave, I think not fit to name, well verſed in chymical matters, and whom I ſuſpected 
to have, in order to ſome medicines, long wrought upon rain-water, he readily gave me 
ſuch an account of his proceedings, as ſeemed to leave little ſcruple about the tranſmuta- 
tion we have been mentioning : for he folemnly affirmed to me, that having obſerved, as 
J had done, that rain- water would, even after a Giſt.llation or two, afford a terreſtrial 
ſubſtance, which may ſometimes be ſeen ſwimming up and down in the limpid liquor, he 
had the curioſity, being ſettled and at leiſure, to try how long he could obtain this tub- 
ſtance from the water, And accordingly having freed rain water, carefully collected from: 
Its accidental, and as ; ie were feculent earthine 8, which it will depoſite at the firſt ſlow 
diſtillation (and which is oftentimes coloured) whereby it may be diſtinguiſhed from the 
white earth made by tranſmutation) he re. diſtilled it in very clean glaſſes, not only eight 
or ten times, but near two hundied, without finding that his liquor grew Weary o 
affording him the white earth, but rather that the corpulcles of it did appear far more 
numerous, or at leaſt more conſpicuous in the latter diſtillation than in the former. 
And when I expreſſed my curioſity to lee this earth, he readily ſnewed me a u etty- 
quantity of it, and pre ſented me with ſome, which comparing with what [ had remaining 
of mine, I found to be exceeding like it, ſave that it was more purely white, as having 
been for the main afforded by rain- water that hal been more-frequently-rectined, And 
to compare this welcome powder with that L made myſelt, I tried with this divers things, 
which | had be fore tried with my own and (becauſe the quantity pr ſcoted me Wes leſs in- 
copſidetable) ſome « thers too. For I obſerved in this new pow der. as { had cone wh 


my own, that being put into an excellent microtope, and placed where the fun-beams.. 
| mignht. 
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_ diſcoloyr it by fomewhat whitening it, which is no more than ſpaud will do, and the fine 


ſcope, appeared to conſiſt of as ſmall particles, as the fineſt hair- pod 
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might fall upon it, it appeared a white meal, or a heap of torpuſcles ſo exeteding, not 
to {ay unimaginably ſmall, that in two or three choice microſcopes both I and others 
had occaſion to admire it: and their extreme hlittlenets was much mote ſenſibly difcerfied 
by mingling ſome few grains of ſand amongſt them, which made a mixture that looked 
like that of pebble ſtones, and of the fineſt flower. For our earth, even in the miero- 
er to the naked 
eye. Nor could we diſcern this duſt to be tranſparent, though, when the ſun ſhined 
upon it, it appeared in the microſcrope to have ſome particles a little gliſtering, which 
yet appearing but in a glaring light, we were not ſure to be no deceptio viſus. ? 

2 gr i by that our white powder being caſt into water, would indeed for a while 


duſt of white marble and other ſtones, whoſe corpuſcles, by reaſon of their minuteneſs, 
ſwim eaſily for a while in the water; but when it was once fettled at the bottom, it con- 
tinued there undiffolved (for aught I could perceive) for ſome days and nights, as earth 
would have done. — | ; | 0 

3. Havixe weighed a quantity of it, and put it into a new clean crucible, with another 


| inverted over it for a cover, I placed it among quick coals, and there kept the crucible 


red-hot for a pretty while, cauſing the fire afterward to be acuated with a blaſt of a bet 
lows ; but taking out the powder, I neither found it melted nor clotted into lumps, nor, 
when I weighed it again, did I fee cauſe to conclude, that there was much of it waſted, 
beſides what ſtuck to the ſides of the crucible and to a little clay, wherewith I had luted 
on the cover (and which, to ſhew you that the heat had not been inconſiderable, was in 
ſeveral places burnt red by the vehemence of fire): and when I afterwards kept this 
powder in an open crucible among glowing coals, neither I, nor one that I employed to 
aſſiſt me, perceived it at all to ſmoke and having put a little upon a quick coal, and 


blown that too, I found that which I had not blown away, to cemain fixed (which 
fome bodies will not do) upon quick coals, that will endure the fire in a red-hot 


crucible. — 
4. I Foun this powder to be much heavier in ſpecie than water; for ciploriade 
nice pair of gold ſcales, and a method that would be too long here to deſcribe, I found 
that this powder weighed ſomewhat (though not much) more than twice ſo much com- 
mon water, as was equal to it in bulk. And leſt ſome corollaries, that feem obviouſly 
contained in the common but groundleſs conceits of the Peripateticks, about the propor- 
tions of the elements in denſity, Sc. ſhould make you expect that this powder ought 
to have been much more ponderous, I ſhall add, that having had the curioſity, which 
I wonder no body ſhould have before me, to examine the gravity of the earth, which 
ſeems the moſt elementary of any we have, I took ſome ſifted wood-aſhes, which I had 
cauſed to be three or four times boiled in a plentiful proportion of water, to free them 
from ſalt, and having put them very dry into common water, 1 found them but little 
heavier than our newly mentioned powder, ſurpaſſing in weight water of the ſame bulk 
but twice, and a little more than a 6th part (water and it being very little more than as 
1to 2+). And that you may the leſs doubt of this, I will yet ſubjoin, that examining 
the ſpecific gravity of (white) glaſs itlelf, I found that compact body to be very little, if 
at all, more than two times and a half as heavy as water oi equal bigneſs to it. So that 
the gravity of that powder, which, borrowing a chy mical term, we have been calling 
virgin cath, being added to its fixedneſs and other qualities, it may ſeem no great im- 
propri-:tv of ſpeech to name it earth; at leaſt if by earth we mean not the pure elementary 


earth of cue ichools, which many of themſelves confeſs not to be found actually ſeparate, 
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but a body dry, cold, ponderous, induring the fire, and, which is the main, irreſoluble 
by water and fire into other bodies ſpecifically different. a | 0 
[Bur to return to the guiſe of the powder; when I aſked this learned man, whether 
he obſerved the glaſs he diſtilled in to have been fretted by the liquor, and whether this 
loſt of its ſubſtance, according as it deſpoſited more powder, he anſwered me (and he is 
a perſon of unſuſpected credit) that he found not his glaſs to have been injured by the 
liquor, and that the water waſted (though he were careful it ſhould not do ſo by evapo- 
ration and transfuſions) by degrees ſo much, that there remained by his eſtimate but 
about an eighth part of the firſt quantity. And though for certain reaſons he kept by 
him the liquor laſt diſtilled, yet he doubted not but that it might be very nigh totally 
brought into earth, ſince out of an ounce of diſtilled rain-water he had al:eady obtained 
near three quarters of an ounce, if not more, of the often mentioned earth.] 
Tusk ſeveral relations will, I ſuppoſe, perſuade you, Pyrophilus, that this experi- 
ment is hopeful enough to be well worth your purſuing ; if nor, that perhaps none but 
ſuch a ſcrupulous perſon as I would think the proitcution of it other than ſuper fluous; 
and if you do acquieſce in what hath been already done, you will, I preſume, think it no 
mean confirmation of the corpuſcularian principles and hypotheſes ; for if, contrary to 
the opinion that is ſo much in requeſt among the generality of modern phy ſicians and 
other learned men, that the elements themſelves are tranſmuted into one another, and 
thoſe ſimple and primitive bodies, which nature is preſumed to have intended to be the 
ſtable and permanent ingredients of the bodies ſhe compounds here below, may be arti- 
ficialy deſtroyed, and (without the intervention of a feminal and plaſtick power) gene- 
"rated or produced: if, I ſay, this may be done, and that by ſuch ſlight means, why 
may we not think that the changes and metamorphoſes that happen in other bodies, 
which are acknowledged. by the moderns to be far more liable to alterations, may pro- 
ceed from the local motion of the minute or inſenſible parts of matter, and the changes 
of texture that may be conſequent thereunto ? Some bold atomiſts would here be deter- 5 | 
mining, by what particular ways this ſtrange tranſmutation of water into earth may be F 
performed; and would perchance particularly tell you how the continually but ſlowly 1 
agitated parts of the water, by their innumerable occurſions, may by degrees rub, and | 
as it were grine themſelves into ſuch ſurfaces, as either to ſtick very cloſe to one ano- 
ther by immediate contact (as I elſewhere obſerve poliſhed pieces of glaſs to do) or,im- 
plicate and intangle themſelves together ſo, as to make as it were little knots z which 
knots (he would add) or the newly mentioned cluſters of coherent particles, being then 
grown too great and heavy to be {upported by the water, mult ſubſide to the bottom in 
the form of a powder, which, by reajon of the ſame gravity of the moleculæ, and the 
ſtrict union of the leſſer particles that compoſe them, obtain an indiſpoſition to diſſolve 
in water, and to be elevated or diſſipated by the fire; as their inſipidneſs may be ac- 
counted for by its being but the ſame with.that of the liquor, whence they were made, and 
their tranſparency by that of the water they were made of, and by the multitude of the 
little ſurfaces that belong to fo fine a powder. But though in favour of ſuch conjectures 
I could ſomewhat illuſtrate them, partly by applying to this occaſion what I elſewhere 
obſerve of the reducing of the fluid body of quickſilver, by a bare circulation (which is 
but a repeated diſtillation) with a proportionable heat, into a real powder, which alſo 
will not ſo eafily be raiſed by the fire, as the fluid body, whence by change of texture 
it was made; and partly by ſubjoiniog, among other things, how by the conjunction of 
two diſtilled liquors digeſted together I have obtained good ſtore of an inſipid ſubſtance, 
that would not melt in water, and that would long enough endure no inconſiderable de- 
gree of fire; though, 1 ſay, by theſe and other ſuch particulars 1 could make our 
Vor. III. O atomiſt's 
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too long and intricate to be proper for this place“. f 

AnD therefore, without here examining our atomiſt's explication of this metarmor- 
phoſis, we will give him leave for a while to ſuppoſe the tranſmutation itſelf to be real, 
and thereupon to conſider whether the hiſtorical part of it do not much disfavour ſome of 
the chief doctrines of the chymiſts, and a fundamental one of Helmont's. For if the 
pureſt water may be turned into earth, it will not be eaſy to make it improbable that 


atomiſt's conjectures leſs improbable, yet the full diſquiſicion of ſo difficult a ſubje& is 


the other ingredients of mixt bodies, which the chy miſts call their hypoſtatical principles, 


are capable of being tranſmuted into one another, which would overthrow one of the 
main foundations of their whole philoſophy ; and beſides, if out of the ſimpleſt water 
itſelf a moderate fire can produce a large proportion of earth, that was not formerly prez. 
exiſtent in ir, how ſhall we be ſure that in all the analyſes which the fire makes of 
mixed bodies, the ſubſtances thereby exhibired are obtained by ſeparation only, without 
any tranſmutation? As for Helmont, it is well enough known, that he makes water to 
be the material principle of all bodies here below, which he would have to be either wa- 
ter itſelf, or but water diſguiſed by thoſe forms, which the ſeeds of things have given 
it. I will not here examine whether this opinion, if he had reſtrained it to animals and 
vegetables, might not with ſome reſtriction and limitations be kept from appearing ab- 
ſurd, ſince my Eleutherius hath (though without abſolutely adopting it) elſewhere pleaded 
for its not being ſo extravagant as it hath been thought. | | 

Bor whereas Helmont's grand argument from experience is grounded on this, that the 
alkaheſt doth, as he affirms, by being digeſted with and diſtilled from other tangible bo- 
dies, 'reduce them all at laſt into a liquor no way differing from rain-water, though we 
ſhould grant the matter of fact, yet the experiment of our powder will warrant me to 
queſtion their ratiocination. For if all mixed bodies be therefore concluded to be mate- 
rially from water, becauſe they are by the operation of the fire and a menſtruum, after 
having paſſed through divers previous changes, reduced at length into inſipid water ; by 
the ſame way of arguing (and with great cogency) I might conclude, that all thoſe bo- 
dies are materially but diſguiſed earth, ſince without intervention of a ſeminal principle 
(for Helmont will-not allow that title to fire, which he ſtyles the artificial death of things) 
water itſelf may be turned into earth. Indeed if that acute chymiſt were now alive, and 
had ſuch an immortal liquor, as he deſcribes his alkaheſt to be, I would gladly put 
him upon trying whether that menſtruum would reduce our white earth into water, But 
there being no more probability of that, than that ſuch reproduced water, being juſt what 
it was before, might be turned into earth again; it may be probably ſaid, that ſince theſe 


bodies are mutually convertible into one another (and as to the verſion of water into 


earth, by a ſeemingly Night operation) they are not either of them ingenerable and incor- 
ruptible elements, much leſs the ſole matter of all tangible bodies, but only two of the 


add many things in favour of ſome thoughts: + yet I would not have you wonder, that 


* What is here delivered may be for the main verified by what the reader will meet with in the (follow- 
ing) Xth experiment, though that be not it which the author meant. | 


+ Of the poſſible ways of turning liquors into co ſiſtent bodies, by bending, breaking, twiſting, and | 
bv otherwiſe changing the texture of the liquor, ſee more Particularly the Hiflory of Fluidiry and Firmneſs, 


publiſhes by the author. 
| whillt 


. primordial and of the moſt obvious ſchematiſms of that, which is indeed the univerſal - 
matter; which as it comes to have its minute particles aſſociated after this or that man- 
ner, may, by a change of their texture and motion, conſtitute with the ſame corpuſcles - 
ſometimes water and ſometimes earth. & 

Bur, Pyrophilus, to leave theſe reflexions, to return to the bold conjectures, that 
they are ground on; though if I had leiſure and indulgence enough, I could, I confeſs, 
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whilſt I was mentioning the many particulars that ſeem to evince the change of water 
into earth, I ſhould let fall ſome words that intimate a diffidence about it. For to diſ- 
guiſe nothing unto you, I muſt confeſs, that having in ſpite of an unuſual care unluc- 
kily loſt a whole paper of the powder I had made myſelf, and having unexpectedly 
been obliged to remove from my furnaces before I had made half the trials 1 judged 
requiſite in fo nice a caſe, I have not yet laid aſide all my ſcruples. 

For 1. I would gladly know whether the untranſmuted rain-water, by the depoſition 
of ſo much terreſtrial matter, were grown lighter in ſpecie than before, or ſharp in taſte. 
Next I would be thoroughly ſatisfied (which 1 confcfs I am not yet, notwithſtanding all 
that the followers of Angelus Sala have confidently enough written) whether and how 
far inſipid liquors (as rain-water is) may or may not work as menſtruums upon ſtones or 
earthy bodies: not to queſtion whether the particles of rain-water may not by their 
mutual attrition, or ſome other action upon one another, be reduced into ſhapes and 
ſizes fit to compoſe ſuch a menſtruum as the liquor was not before; as in divers plants 
that ſeemed to be nouriſhed only with water, the ſap is endowed with a ſharp taſte and 
great penetrancy and aCtivity of parts. 

2. IT were alſo fit to know whether the glaſs body, wherein all the diſtillations are 
made, do loſe of its. weight any thing near ſo much as the obtained powder amounts to 
over and above the decrement of weight which may be imputed to the action of the hear 
upon the ſubſtance of the glaſs, in caſe it appear by another glaſs, kept empty in an cqual 
heat, and for the ſame time, that the glaſs loſes by ſuch operations any thing worth 
reckoning. And it were alſo not impertinent to try whether the gravity of the obtained 
powder be the ſame in ſpecie with that of the glaſs wherein the diſtillations were made 
(for that it differed but about a fifth part from the weight of cryſtalline glaſs l lately 
mentioned). Which ſcruple and ſome of the former 1 might have prevented, if I had 
had convenient metalline veſſels wl:zrein to make the diſtillations inſtead of glaſs ones. 

3. I could wiſh likewiſe that it were more demonſtrably determined what is on all 
hands taken for granted (as it appears indeed highly probable) that diſtilled rain-water 
is a perfectly homogeneous body; which if it be not, divers ſuſpicions might be ſug- 
geſted about its tranſmutation into earth; and if it be, it will be, as a very ſtrange 
thing, ſo a matter of very great difficulty to conceive, how a perfectly and exquilitely 


homogeneous matter ſhould, without any addition) or any ſeminal and plaſtick prin- 


ciple, be brought to afford great ſtore of a matter of much more ſpecifick gravity than 
itſelt; ſince we ſee that no aggregate we can make of bodies, but equiponderant in 
ſpecie with water, doth by virtue of their convention grow ſpecifically heavier than 

It. | © id 
4. Having had the curioſity to try whether corroſive liquors would work upon our 
white powder, I found that not only good oil of vitriol- would corrode it, but ſtrong 
and dephlegmed ſpirit of falt did readily work upon part of it, and that without the 
aſſiſtance of heat, though not without hiſſing and exciting great ttore of bubbles, as 1 
have known ſuch menſtruums do, when put upon Lapis Stellaris or Offfragus, or ſom? 
ſuch ſoft ſtone; as if that ſo much defecated rain-water, actuated by heat, had reſolved 
ſome of the looſer corpu'cles of the ſand or ſtone, that together with ſome ſalts compole 
common glaſs, as I have ob erved in ſome petritying water, that ſome of the bodies I 
took up, and which were preſumed to be pxtrified, were but cruſted over with ſtone 
that ſeemed generated, but by the ſucceſſive appolition or ſtony particles that, lying 
inviſibly mingled with the running water, ſtuck in their paſſage to the conveniently 
diſpoſed bodies that lay in the ſtream's way. But yet I mult not omit, that when J 
ſuffered this mixture to ſettle, as much of the powder as ſeemed to be a very great part 
O 2 ot 
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of it, remained in the lower part of the liquor, as if that had rather fretted than diſ- 
ſolved it; and that not why the menſtruum was overcharged or glutted, as T found 
by putting in afterwards ſeveral freſh parcels of powder, which 'it readily fell upon, 
not without noife and froth. Nor muſt I forget that ſometimes I have excited ſuch an 
ebullition, by pouring the ſame liquors upon the earthy part of wood-aſhes, feveral 
times waſhed in boiling water (though, I confefs, I afterwards ſomewhat ſuſpected there 
might remain ſome little adhering alkali which might occaſion thoſe bubbles, notwith- 
ſtanding that both I and another, whom I alſo invited to taſte it, took the earth to be 
quite faltlefs) : I might, Pyropbilus, add, that ſometimes alſo methought 1 found this 
powder (which yet likewiſe ſometimes happened to me with the lately mentioned earth 
of wood-aſhes) ſomewhat gritty between my teeth, and ſubjoin divers other particulars, 
if it were not too tedious to mention to you all the doubts and conſiderations that have 
occurred to me about the recited change of water into earth: which yet are not ſuch as 
ought to hinder me from giving you the hiſtorical account I have ſet down, fince to 
ſome of my ſcruples I could here give plauſible anſwers, but that I cannot do it in few 
words. And if any part of our white powder prove to be true earth, no body perh 

yet knows to what the experiment may lead fagacious men: and whether in a ſtrict ſenſe 
it be true earth or no, yet the phænomena that are exhibited in the production of it are 
fufficient to give this ninth experiment a place among the others (of the ſame decade) 
with which it is aſſociated. For ſince out of a ſubſtance 'that is univerſally acknowledged 
to be elementary and komogeneous, and which manifeſtly is fluid, tranſparent, much 
lighter in ſpecie than earth, moiſt and fugitive, there is artificially generated or obtained, 
a ſubſtance conſiſtent, white, and conſequently opacous, comparatively ponderous, 
dry, and not at all fugitive; the alteration is ſo great, and effected in ſo ſimple a way, 
that it cannot but afford us a confiderable inſtance of what the varied texture of the 
minute parts may perform in a matter confeſſedly fimilar. And if frequently diftilled 
rain-water ſhould not be allowed homogeneous, our experiment will at leaſt ſhew us, 
better than perhaps any hath yet done, how little we are bound to believe what the 


chymiſts and others tell us, when they pretend manifeſtly to exhibir to us. homogeneous 


principles and elementary bodies; and how difficult it is to be certain, when a body is 
abſolutely irreſoluble into ſpecifically differing ſubſtances, and conſequently what is the 
determinare number of the perfectly ſimple ingredients of bodies {ſuppoſing that ſuch 
there are): though I muſt confeſs that my only aim is not to relate What hath been 
done, but to procure the proſecution of it. For if the obtained ſubſtance be by the 
rain-water diſſolved out of the glaſs, this will both prove a noble and ſurpriſing inſtance 
of what may be done by inſipid menſtruums, even upon bodies that are juſtly reckoned 
among the compacteſt and moſt indiſſoluble that we know of, and may afford us many 
other conſiderable hints that have been partly intimated already: and if, on the other 
ſide, this powder, whether it be true elementary earth or not, be found to be really. 
produced out of the water itſelf, it may prove a magnale in nature, and of greater con- 
fequence than will be preſently foreſeen, and may make the alchymiſts hopes of turning 
other metals into gold appear Jeſs wild ; ſince that by experimentally evincing that two 
ſuch difficult qualities to be introduced into a body, as conſiderable degrees of fixity 


and weight (whoſe requiſiteneſs to the making of gold are two-of the principal things 


that have kept me from eaſily expecting to find. the attempts of alchymiſts ſucceſsful) 
may, without the mixture of the homogeneous matter, be generated in it, by varying 
the texture of its parts, | 

I wiLL not now adventure to add any thing of what I have been attempting about 
the tranimuting (without additaments, of pure alkalizate ſalts into earth, becauſe I do 
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not yet know whether the trials will anſwer my hopes (for I do not yet call them my 

expectations). But upon this ſubject of tranſmutations I could, if it did not properly 

belong to another treatiſe, tell you ſomething abaut the changes that may be wrought 

upon highly reQified ſpirit of wine, which would perchance make you think of other 

things of the like kind leſs indefeaſible. For whereas it is a known thing that that 

ſpirituous liquor being kindled (and that, if you pleaſe, by other ſpirit of wine actually 

fired) will, for aught appears, burn all away, that is, be totally turned into flame ; if I 

durſt rely in ſo important a caſe on a couple of trials, whilſt I hope for an opportunity of 
making farther ones, I would tell you, that by a way unthought on (that I know of) 

by any body, I have, without any addition, obtained from ſuch ſpiric of wine, as being 

kindled in a ſpoon would flame all away, without leaving the leaſt drop behind it, a 
conſiderable quantity of downright incombuſtible phlegm. And by another way (men- 

tioned indeed by Helmont, but not taught to almoſt any of his readers) ſome ingenious 

perſons that you know and eſteem, working by my directions (but without knowing 
what each other was doing) did both of them reduce conſiderable quantities of high 

rectified ſpirit of wine (that would before have burnt all away) into a liquor that was 

for the moſt part phlegm, as I was informed, as well by my own taſte, as by the trials 

I ordered to be made {being forced myſelf to be moſt commonly abſent), From which 

change of the greateſt part of that firſt liquid ſpirit into phlegm, it ſeems deducible 
that the ſame portion of matter, which by being kindled may be turned all into fire, 

may be, by another way of handling, turned into phlegm or water, and this without 
the addition of any thing, and without being wrought upon by any viſible body, bur 

one ſo extremely dry as duely prepared ſalt of tartar 3 and that itſelf is not ſo indiſpen- 

ſably neceſſary to the obtaining of phlegm out of totally inflammable ſpirit of wine, 
but that, as I was ſaying, I did by another way obtain that dull liquor, without im- 
ploying the ſalt or any other viſible. body whatfoever. But I make a ſcruple to enter- 
tain you any longer with extravagancies of this nature, and yet if I were ſure you would 

contain your ſmiles, I would add for concluſion, that if I had time and opportunity to 
turniſh myſelf with any quantity of chat water, I had it in my thoughts to try whether 
that would have afforded me ſuch a terreſtrial ſubſtance as rain-water had done, and 
thereby have undergone a new and further metamorphoſis. 


EXPERIMENT X. 


THERE is one experiment more, two of the chief phznomena of which belong to 
another diſcourſe (where I particularly mention them); and yet I ſhall conclude this 
little treatiſe with the recitation of the experiment itſelf, not only becauſe divers of the 
phenomena do eminently belong to our preſent ſubject, but becauſe I have ſcarce met 
with any experiments more ſuitable to the deſign I have of ſhewing, before 1 conclude : 
this diſcourſe, what great and ſudden productions and deſtructions of qualities may be 
effected by the compoſition of the ſmalleſt number of ingredients, even among liquors 
themſelves ; and ſuch too as are believed to be both of them ſimple and homogeneous, - 
and incapable of putrefaction; that ſo it may appear what notable alterations of quilitics 
even ſeemingly ſlight and eaſy mixtures can perform among bodies both of them fluid, 
as well as among thoſe that were either both of them ſtable, or one of them ſtable, and 
the other conſiſtent. 

Take then of good oil of vitriol and of ſpirit of wine that will burn all away, equal 
parts, not in quantity, but in weight; put them together by little and little, and having 

; : placed, - 
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placed the mixture in a bolt-head or glaſs-egg with a long neck, and carefully ſtopped 


On 


it with a cork and hard wax, ſet the veſſel in a moderate heat to digeſt for a compe- 


tent while (two or three weeks may do well) then pour out the mixture into a tall glaſs 
cucurbite, to which lute on a head and a receiver with extraordinary care, to prevent 
the avolation of the ſpirits, which will be very ſubtile : then with a very gentle fire 
abſtract the ſpirit of wine that will firſt aſcend; and when the drops begin to come 
over ſouriſh, ſhift the receiver, and continue the diflillation with great care, that the 


matter boil not over: and when you judge that about half the acid liquor is come over, 


it will not be amiſs, though it be not neceſſary, to change the receiver once more: but 
whether you do this or no your diſtillation muſt be continued, increaſing the fire towards 


. the latter end till you have brought over all you can, and what remains in the cucurbite 


muſt be put into a glaſs well ſtopped to keep it from the air. 


N. B. 1. That to the production of moſt, if not all of the phznomena of this ex- 
periment, it is not abſolutely neceſſary that ſo long a digeſtion (not to ſay, not any) be 
gg z though if the time above preſcribed be allowed, the experiment will ſucceed 
the better. 

2. THar, I remember, I have ſometimes made uſe of oil of ſulphur per campanam 
(as they call it) inſtead of oil of vitriol, to produce the recited phænomena; and though 
the attempt ſucceeded not ill as to divers particulars, yet I afterwards choſe rather to 
employ oil of vitriol ; both becauſe it did in ſome points better anſwer my expectation 
than the other liquor, and becauſe I would not give occaſion to ſuſpect that the odours, 


hereafter to be mentioned as phænomena of our experiment, were due to the common 


ſulphur, whence the unctuous liquor made per campanam was obtained as ſuch, and did 
no way proceed from the acid vitriolate ſalt, which that oil (as it is improperly called) 
doth abound with, x 

3. THarT I had likewiſe the curioſity to digeſt oil of vitriol with Spaniſh wine inſtead 
of ſpirit of wine, by which means I obtained an odd ſpirit and reſidence, and ſome other 


phenomena, which I conten: myſelf to have in this place given hint of, in regard that 


wine being a liquor of a much leſs ſimple nature than its ſpirit, the phænomena afforded 
me by this are much fitter for my preſent purpoſe. 

4. THarT great care muſt be had in regulating the fire, when once a good part of the 
acid ſpirit mentioned in the proceſs is come over. For if the fire be not increaſed, the 
reſt will ſcarce aſcend; and if it be increaſed but a little too much, the matter will be 
more apt than one would ſuſpect to ſwell exceedingly in the cucurbite, and perhaps 
run over into the receiver, and ſpoil what it finds there, as it hath more than once hap- 
pened to me, when I was fain to commit the management of the fire to others. 

Now the oil of vitriol and the ſpirit of wine being both of them diſtilled liquors, and 
the latter of them ſeveral times re-diſtilled, and one of them be ing drawn from ſo ſimple 
and-familiar a ſubſtance as wine, and the other from a concrete not more compounded 
than what nature herſelf (which, as I elſewhere ſhew, can without the help of art pro- 
duce vitriol) doth divers times preſer t us with; theſe liquors, I lay, being both of them 
diſtilled, and conſequently volatile, one would expect that by diſtilling them they ſhould 
be brought over united, as I have tried, that the ſpirit of wine and of nitre, or alſo of 
common ſalt, may be, and as the ſpirits of differing vegetables are wont to be; or that 
at leaſt the diſtillation ſhould not much alter them from what it found them, after they 
had been well mingled together. But this, notwithſtanding theſe two 1.quors being of 
very odd textures in reference to each other, their conjunction and ciſtillation will make 
them exhibit divers conſiderable and perhaps ſurpriſing phenomena, 
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Fo, firſt, whereas ſpirit of wine has no great ſcent, nor no good one, and mode- 
rately dephlegmed oil of vitriol is wont to be inodorous; the ſpirit that firſt comes over 
from our mixture hath a ſcent not only very differing from ſpirit of wine, but from all 
things elſe that I remember I ever ſmelt, And as this new odour doth, to almoſt all 
thole whoſe opinions I have aſked about it, ſeem very fragrant and pleaſant, ſo I have 
ſometimes had it ſo exceeding ſubtile, that in ſpite of the care that was taken to lute the 
glaſſes exactly together, it would perfume the neighbouring parts of the laboratory, and 
would not afterwards be kept in by a cloſe cork covered with two or three ſeveral 
bladders, but ſmell ſtrongly at ſome diſtance from the phial wherein it was put. I did 
not think it unlikely that ſo noble and piercing a liquor might be of no mean efficacy in 
phy ſick; and though I miſſed of receiving an account of its effects from ſome ingenious 
phyſicians, into whoſe hands I put it to have trials made of it, yet I cannot deſpair of 
finding it a conſiderable medicine, when I remember partly what hath been done by 
ſome acquaintances of mine with bare phlegm of vitriol, upon the account (as is ſup- 


poſed) of that little ſulphur of vitriol that, though but ſparingly, doth enrich that liquor; 
and partly, what the maſters of chymical arcana tell us of the wonderful virtues of the 


volatile ſulphur of vitriol, and what I have obſerved mylelt, that may invite me to have 
a good opinion of remedies of that nature. 

2. BuT to ſhew how much the odours of bodies depend upon their texture, I ſhall 
now add, that after this volatile and odoriterous ſpirit is come over, and has been fol- 
lowed by an acid ſpirit, it will uſually towards the latter end of the diſtillation be ſuc- 
ceeded by a liquor that is not only not fragrant, but ſtinks ſo ſtrongly of Erimitone, that 
I have ſometimes known it almoſt take away the breath (as they {peak) of thoſe who, 
when I had the receiver newly taken off in my hand, did (either becauſe to make ſport 
I gave them no warning, or becauſe: they would not take it, as thinking what I told them 
was impoſſible) too boldly adventure their notes in the trial. 

3. TxeRt is in this operation produced a liquor that will not mingle either with the 
fragrant or with the fetid ſpirit hitherto deſcribed, but is very differing from both of 
them, and is ſo very pleaſant, ſubtile, and aromatical, that it is no lels differing as well 
from ſpirit of wine as oil of vitriol. But of this liquor I give a further account in a. 
more cgnvenient place. : 

4. WHEN the diſtillation is carried on far enough, you will find at the bottom, that 
the two above-mentioned diaphanous ſpirits (for oil of vitriol is indeed rather a ſaline 
ſpirit than an oil) have produced a pretty quantity of a ſubſtance, not only very opacous, 
but black almoſt like pitch or jet. 


5. And this ſubſtance, though produced by two bodies that were not only fluid but 


diſtilled, will not alone be conſiſtent, but (if the diſtillation have Deng urged far enough) 
brittle, | 80 


6. Anp though ſpirit of wine be reputed the moſt inflimmable, and oil of vitriol the 


moſt corroſive liquor that is known, yet I could not find that this black ſubſtance wonld 
ealily, if at all, be brought, I ſay, not to flame, but to burn, nor that it had any dil- 


cernible taſte ; though both the liquors from whoſe mixture it was obtained, have an 


exceeding ſtrong and pungent taſte. . 


7. Anp whereas both oil of vitriol and ſpirit of wine will each of them more readily - 
than moſt liquors that are yet known, mingle with common water, and diffuſe itſelf 


therein, I obſerved that this pitchy maſs, if the diſtillation had been continued till it was 


perfectly dry, would not, that I could perceive, diſſolve in common water for very many . 


hours, and, if I much miſremember not, for ſome days, 
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?, And laſtly, whereas the oil of vitriol and the ſpirit of wine were both of them 
diftilled liquors, and one of them exceeding volatile, and fugitive, yet the black maſs 
produced by them was ſo far fixed that I could not make it rife by a conſiderably 
ſtrong and laſting fire that would have raiſed a much more fluggiſh body than the 
heavieſt of thoſe that concurred to produce it. : 

Tur remaining particulars that I have obſerved in this experiment belong to another 
treatiſe, and therefore I ſhall forbear to mention them in this: nor ſhall I at preſent 
add any new phenomenon to thoſe I have already recited ; thoſe freſhly mentioned expe- 
riments, and thoſe that preceded them, being, even without the aſſiſtance of the four 


_ obſervations I have delivered before them, ſufficient to manifeſt the truth I have been 


endeavouring to make out. For, in the experiments we are ſpeaking of, it cannot well 
be pretended, or at leaſt not well proved, that any ſubſtantial forms are the cauſes of 
the effects I have recited ; for in moſt of the (above-mentioned) cafes, beſides that in 
the bodies we employed, the ſeminal virtues, if they had any before, may be ſuppoſed 
to have been deſtroyed by the fire, they were ſuch, as thoſe I argue with would account 
to be factitious bodies artificially produced by chymical operations. And it is not more 


manifeſt, that in the production of theſe effects there intervenes a local motion and change 


of texture by theſe operations, than it is evident and precarious, that they are the effects 
of ſuch things as the ſchools fancy ſubſtantial forms to be: ſince it is in theſe new expe- 
riments, by the addition of ſome new particles of matter, or the receſs or expulſion of 
ſome pre-exiſtent ones, or, which is the moſt frequent way, by the tranſpoſition of 
minute parts, yet without quite excluding the other two, that no more ſkilful a chymiſt 
than I have been able to produce by art a not inconſiderable number of ſuch changes of 
qualities, that more notable ones are fiot ordinarily preſented us by nature, where ſhe is 
preſumed to work by the help of ſubſtantial forms; I ſee not why it may not be thought 
probable that the ſame catholick and fertile principles, motion, bulk, ſhape, and tex- 
ture of the minute parts of matter, may, under the guidance of nature (whoſe laws the 
modern Peripateticks acknowledge to be eſtabliſhed by the all-wiſe God) ſuffice likewiſe 


to produce thoſe other qualities of natural bodies, of which we have not given particular 
inſtances, 
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SUBORDINATE FORMS, 
As they are wont to be maintained by divers Learned Moderns. 


AN ADVERTISEMENT. 


[Taz following difcourſe about ſubordinate forms had come forth the laſt year, annexed 
to the foregoing examen of ſubſtantial forms, as a part of, or an appendix to it, being 
then written, and promiſed in the Preface to the Reader, if by reaſon of the book- 
ſeller's haſte, who was deſirous the book might be printed and publiſhed at the begin- 


ing of the term, it had not been left out, and is here added in this edition, wherein 
no other addition is made.] 


\HE generality of philoſophers have for many ages ſo handled the doctrine 

of forms, as if they ſuſpected not that more than one form could belong to a 
natural body; but ſome later writers, eſpecially the learned Sennertus, and, if you will 
believe him, the famous Peripatetick Zabarel himſelf, have endeavoured to introduce 
an hypotheſis, which teaches that in animals and plants, beſides the ſpecifick form, as 
Sennertus calls it, which alone is wont to be taken notice of, there may reſide in thoſe 
bodies, and eſpecially in ſome determinate parts of them, certain other forms proper to 
thoſe parts, but nevertheleſs ſo ſubjected to the predominant miſtreſs form, if I may 
ſo call it, that they deſerve the title but of ſubordinate forms, and. during the reign of 
the ſpecifick form, are ſubſervient to it, but in the capacity (as it were) of matter; yet 
ſo that when the ſpecifick form comes to be aboliſhed or depoſed, theſe ſubordinate 
forms may come to ſet up for themſelves, and in reference to thoſe parts of matter they 
belong to, exerciſe the functions of ſpecifick forms: as in a dog or a horſe, beſides the 
ſenſitive ſoul, which is the ſpecifick form of the whole beaſt, the fleſh, and blood, and 
bones have their diſtin& forms, which appertain to them as they are ſuch bodies, though 


they are ruled by the ſoul, but as the matter which ſhe animates and informs; and when 
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by deaffithe ſenſitive ſoul or ſpecifick form is depoſed or aboliſhed, the body is not 
preſently reſolved into the four elements, much leſs reduced into the firſt matter, but 
thoſe ſubordinate forms do ſtill keep the fleſh, fleſh; and the bone, bone; the one, for 
a little, and the other for a much longer time, 

To make out this doctrine, he ingeniouſly urges the ſpecifick virtues obſervable in 
gathered plants, and particularly the purgative faculty of rhubarb, ſenna, and other ca- 
thartick vegetables. And though, as to this noble ſort of examples afforded him by 
the ſpecifick properties they are endowed with, when they are deprived of the life they 
enjoyed as plants, it may not be pretended by the obſtinate, that, for aught has been 
yet fried, rhubarb, ſenna, &c. are not purgative while they are living plants, and fo, 
when they are dead, do not ſo much retain as require that ſpecifick virtue; as wine ob- 
tains divers medicable virtues (as that of cooling, diſſolving coral, pearl, &c.) when 
(by ſome alteration imperceptible to ſight) loſing its predominant form it turns to vine- 
gar, which it had not before; yet it were not difficult to propoſe experiments that 
would determine this ſcruple, if it were thought important enough. And I ſhall add, 
that it is evident that damaſk-roſes, for inſtance, which are purgative, retain for a con- 
ſiderable time the ſame colour and fragrant odour, c. when they ate gathered, and 
conlequently acknowledged to be deprived of life, as when they grew upon the tree. 

Tris doEtrine of ſubordinate forms has been ſo well entertained, and ſuppoſed to be of 
ſuch importance, and (which nearly concerns the paſt diſcourſe) to afford ſuch counte- 
nance to ſubſtantial forms, that the nature of our preſent diſcourſe forbids me to leave 
it altogether untouched ; and the rather becauſe I have not found it ſo much as taken 
notice of by the corpuſcularian philoſophers. But as (on the one hand) this conſidera- 
tion invites me to offer ſomething about this matter, ſo (on the other ſide) joining with 
the difficulty and abſtruſeneis of the ſubject, it would deter a bolder writer than I, to 
pretend to give a full and ſatisfactory account of ſo perplexed and abſtruſe a matter. 
And therefore I ſhall think my attempt may be excuſable (if not acceptable) if I can at 
preſent ſhow that ſubordinate forms may be intelligibly explicated in a general way, 


according to the corpuſcularian principles, or are at leaft very reconcileable thereunto. 


And in regard that, as I juſt now intimated, the patrons of theſe ſubjugated forms affert 
ſubſtantial ones, and proceed upon other notions that we do not admit, I muſt venture 
to explicate this matter in a way very differing from theirs. And it will not be amils 
to begin my diſcourſe with laying down ſome obſervations, which may ſerve partly to 
add ſome things unmentioned to thoſe that are mentioned by Sennertus or Zabarel, 
towards clearing up the notion and nature of ſubordinate forms (a ſubject not obvious 
nor eaſy to be made plain) and partly to make way for the carrying on the ſubſequent 
part of the diſcourſe, without thoſe excurſions that would elſe roo much interrupt it. 
FirsT then, we may conſider, that, according to what I have formerly diſcourſed, 
the name form is a technical word or term of art, whoſe ſignification, as I there alſo 
noted, is not {o well deſined as is preſumed, and were to be wiſhed, But without much 
injury to the more obvious and ulual notion of it, we may obſerve, that it is commonly 
{ome one conſiderable thing (or at moſt ſome few things) ſuch, for the moſt part, as 
ſome conſpicuous phænomenon, that is exhibited, or fome peculiar operation, that 18 
performed by it, or ſome particular uſe, to which it is applicable, upon whoſe account 
this or that form is attributed to this or that natural body; and only upon the rece!s or 
abolition of which it is ſaid to Joſe its form, or, if you pleaſe, denomination. 
SzconDLy, I conſider that the bodies whoſe being or not being endowed with ſub- 
ordinate forms is contended for, are generally either vegetables, or animals, or bodics 


belonging to them; and conſequently theſe bodies being of a very compounded ore 
4 Conti 
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conſiſt of parts, whether organical or not, that are not all of them of the ſame nature, 
which I take to be true, not only of thoſe parts that are unanimouſly owned to be crganical, 
but of many of thoſe that are reputed ſimilar, becauſe as to ſenſe they are ſo. This 1 

evident in bones, which, though believed to have as good a right as any to the dicke 
of ſimilar parts, do yet by diſtillation afford ſalt, oil, phlegm, ſpirit, and aſnes. And 
vitriol, though ſimilar as to ſenſe, may be (as we formerly noted) artificially produced 
by uniting the metalline particles of iron or copper with the ſaline corpuſcles of diſtilled 
ſalt or nitre; which inſtance I the leſs ſcruple to make uſe of, becauſe, that though 
the patrons of ſubordinate forms ſeem to have aſſerted them, to give ſome account of 
what happens in vegetables and animals, when the ultimate form is aboliſhed or expel- 
led; yet for my own part I ſce not why we may not alſo attribute ſubordinate forms 
to divers inanimate bodies. To illuſtrate this matter, I will borrow an example from 
rhubarb (for this drug, as it is ſold in the ſhops, is an inanimate body) wherein the 
purgative faculty is affirmed to proceed from a ſubſtantial form; which virtue, whilſt 
the rhubarb grew in the ground, did, as they teach us, proceed from the ſpecifick 
form. For if from the ſame rhubarb we do, by a convenient menſtruum, extract, to- 


0 gether with the finer parts of the body, all the purgative virtue (which, as Sennertus 


himſelf teaches, may very well be done) I ſee not why, according to his grounds, the 
remaining rhubarb, which will retain divers of its former qualities, if not diſcloſe ſome 
new ones, ought not to have a peculiar form diftinet from that which he and the ſchools 
call Forma miſtionis aſſigned * it; to which thoſe qualities may be attributed, and which 
conſequently may be looked upon as a ſubordinate form in reference to that which the 
intire, though inanimate rhubarb, had before. But whatever become of this inſtance, 
there are other bodies, wherein I ſee not Why, according to his grounds, a ſubordinate 
form may not be allowed: for in an olive or an almond (for example) though when it 
is gathered it ceaſcs to be animated by the vegetative ſoul of the tree, yet it retains the 
ſame ſhape, colour, Sc. that it had before it was gathered (which it retains upon the 
account of the ſubordinate form that belonged to it as ſuch a fruit) by virtue of which 
form it may be preſerved ſound during a whole year, or perhaps much longer; ſo when 


by barcly cruſhing» the pulp of the olive between your fingers you may immediately 


ſqueeze out oil, which confeſſedly was pre-exiſtent there (the preſſure only affociating fo 
many parts as to make them viſible) and which 1s a peculiar liquor endowed with noble 
qualities, and capable of preferving itſelf divers years: I ſee not (I ſay) why the form 
of this oil, from whence its qualities muſt be ſaid to flow, may not be looked upon as 
having been, whilſt the liquor made a part of the olive, a ſubordinate form to that of the 
entire fruit; whoſe remaining part having alſo its own peculiar qualities, and that ſuch, 
whereby, for inſtance, an olive that has loft its oil much differs from an almond that 
has loft its alſo, may, for aught I ſee, deſerve to have a diſtinct ſubordinate form aſcri- 
bed unto it. But to make this out the better, I ſhall here add a couple of examples that 
perhaps will ſeem clear enough; the one is ſulphur vive, wherein (to ſpeak according to 
the chymical notions) nature has united under one form two bodies of very differing 
kinds, the one readily inflammable, and the other a great reſiſter of fire; and yet theſe 
two are easily ſeparable, as may appear by the known chymical practice of kindling 
ſulphur under a glaſs bell; for the oleaginous part (as the combuſtible is ſuppoſed) 
manifeſtly burns away with a blue flame, and the ſaline corpuſcles meeting with the 
moiſt vapours that are commonly 1aterſperſed in the air, are condenſed againſt the ſides 
of the glaſs into a highly ſharp and corroſive menſtruum (which may ſeveral ways be 
brought to exhibit its ſalt in a dry and brittle form). The other inſtance I was to men- 
tion-is alſo of a body that cannot be pretended to be factitious (namely, cinnabaris fofſilis ) 
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for in this concrete under the form of a mineral ſtone, nature has ranged three (if not 
more) complete bodies, that has each of them its own-diſtin&t form, and that exceeding 
different from the others, as may appear when theſe bodies are ſkilfully ſeparated. 
For thence, as we noted above, we have obtained a running mercury, an inflammable 
ſulphur, which itſelf will be eaſily allowed to be a compounded body, and a ſtrange 
concrete, whoſe properties I had not occaſion to look into. To theſe inſtances I might 
add divers others, if it were neceſſary ſo to do. And if it be faid that theſe forms are 
not ſubordinate, but rather co-ordinate, it will lie upon the objectors to prove it; who 
perhaps will find it no eaſy matter to evince, that the ſame ingredient, for inſtance, of 
ſulphur, is not as much ſubjugated by the form of the entire body, as that of the purga- 
tive portion of rhubarb, by the form of that drug. But it it did appear that theſe 
forms were more properly ſtyled co-ordinate: than ſubordinate, it would not much trouble 
me, who am inclined to think that divers of the forms which Sennertus and his followers 
call ſubordinate or ſubjugated, may be as fitly ſtyled co-ordinate or concurrent; ſince I 
ſhall ſhow anon that I do not aſcribe to the ſpecifick or ſupreme form, in reference to 
the reſt, ſuch a coercive power and dominion, as thoſe learned men are pleaſed to do. 
Tump, I conſider that all theſe differing bodies, whereof, as of parts, or as of 
ingredients, a compounded body is made up, are by virtue of the compoſition and pe- 
culiar fabrick thereof ſo put together or contrived, that they concur to thoſe actions or 
operations which are proper to the body as ſuch, and therefore are preſumed to flow 
immediately from the form of it. - For an inſtance of which I ſhall name gunpowder, 
where three ingredients upon a very ſlight mixture (as I ſhall anon ſhew theirs to be) do, 
by a concurrent action, produce thoſe wonderful effects that are ſcarce to be matched by 
nature herſelf. And that theſe ſtupendous operations really reſult from the proportion 
of the ingredients, and the manner of their commixture, will be hereafter manifeſt. 
FouvrTHLy, I conſider that notwithſtanding theſe ſeveral parts, whereof the com- 
pounded body conſiſts, do in the proper, and, if I may ſo call them, ſpecifick actions 


of the body ſo concur, as to perform them jointly, and (as the ſchools in divers caſes 


expreſs themſelves) per modum unius : yet theſe thus conſpiring bodies may each of them 
retain thoſe attributes or that modification, which made it a diſtin natural body, before 
it came to be affociated with thoſe others, with which it makes up a more compounded 


body. 


AND if it be proper to propoſe here an argument ad hominem, I ſhall add, that the 


more conſiderate of the modern fchoolmen themſelves do, though perhaps unawares, 


teach ſuch things as do very well agree with the doctrine of ſubordinate forms. For 
when in the generation of man they tell us, that, as Ariftotle alſo obſerves, the embryo 
lives the life of a plant and of an animal, before he attains to live the life of a man, it - 
is plain, that, according to them, upon the introduction of the rational ſoul the vege- 


tative and fenſitive ſouls, that before ſucceſſively informed the embryo, do ſo no more, 


the advenient human foul becoming now the true form of the human body. And theſe. 
pre-exiſtent ſouls are not aboliſhed, and do not loſe their being, but only their office, 
which at firſt was to inform the body of the embryo, hut now ceaſes, ſo that they are 
not d-ltroyr ', but only depoſed. And this conſideration ſeems to afford ground enough 
to admit in divers natural bodies, forms that diſpoſe the matter they modify for the 
reception of a noble ſtamp, for which reaſon I ſometimes call them preparatory forms, 
beſides thoſe more noted forms, that the ſchools uſually term ſpecifick, (and which | 


| ſometimes call predominant or ſupreme) by which 1 ſuppoſe is meant (to ſpeak. intel- 


ligible) the laſt and higheſt ſtamp, or modification, that nature gives that parcel of 
matter; whereas the preparatory form is but (if I may ſo ſpeak) a harbinger that 52 
3 th | poles 
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poſes the matter to receive a more perfect form, which, if it be not to be ſucceeded by 
any other more noble, is intitled the ſpecifick form of that body; as in the embryo 
the vegetative and the ſenſitive ſoul is but preparatory to the rational, which alone is 
ſaid to be the ſpecifick form of man. - | 


BuT here I would not be thought to adopt for mine all thoſe opinions _ which 


I think it allowable for me to argue with thoſe that own them. Fer I muſt not omit 
to intimate in tranſitu, that I elſewhere conſider with what congruity to ſome other of 
their tenets they can aſſert, and in what ſenſe, in regard of the nature of the thing 
itſelf, we may admit, that the ſouls of all living creatures be the true forms of their 
bodies, notwithſtanding the ſcruples ſuggeſted to me, as by other things, ſo particularly 
by the great difference I rake notice of by ſome of theſe animating forms (it I may 
ſo call them) and other natural forms in reference to the manner of their informing the 
reſpective bodies they belong to: of this to give an inſtance, it is evident that the rea- 
ſonable ſoul (which ſome call animus, to diſtinguiſh it from the anima or ſenſitive) is 


not the architect of the human body (which they confeſs and teach muſt be organized 


before it be fit to have that united to it) as many other forms are ſaid to be of theirs 
nor do all the properties, or ſo much as all the ſpecifick ones, flow from that ſoul 
(whoſe manſion was a living animal of a determinate kind before it was united thereto) 
as thoſe of other natural compounds are held to flow from their forms. And even in 
beaſts and plants (if we will rather conſider the thing than mens opinions) if the ſoul be 
all the form, there will remain in the matter after the abolition of the form great ſtore 
of qualities, that by their ſo remaining ſhow, that they do not flow from the ſoul, as 
gravity is ſaid to flow from the form of the earth, and tranſparency from that of the 
air, and theſe ſurviving qualities are oftentimes not only many, and ſeveral of them 
noble and ſpecifick, as appears in the beauty, fragrancy, and cordial virtue of oranges, 
lemons, Ec. but oftentimes the ſame, that were there in the body, for aught our ſenſes 
can perceive, whilſt it was faid to be informed by the ſoul. And I believe ic would 
puzzle a Peripatetick to diſcriminate an apple or an orange, which, having been 
plucked off from the tree, were with a ſlender thread artificially tied on again by the 
ſtalk, from the other fruit as yet growing on the fame branch. And not only the letters 
that were carved on the bark of young trees, and grew with them, remain as fair and 
legible as ever, when the trees are cut down; but a dead body for ſome time after 
death (and it matters not how little a while, provided the ſoul, and conſequently the 
ſpecifick form, be really deſtroyed or departed) does oftentimes fo exactly retain the 
ſhape, feature, and even colour, warmth, and other qualities, which it had whiiſt the 
ſoul (a little before) was there, that it often puzzles the beſt phyſicians (eſpecially if the 
ſick perſon were hyſterical or apoplectical) to diſcern with certainty whether the patient 
be dead or alive. And as for that conceit of a forma cadaveris, whereby divers of the 
modern Peripateticks have attempted to decline the inconvenience of allowing, contrary 


to the doctrine of very many of their party, that the ſame qualities remain in corrupto 
(as they ſpeak) as were in geni/o; and that in ſpite of their general and fundamental 


tener, the matter may be for ſome time (how little ſoever it imports not) without a 
ſubſtantial form : this cadaverous form, I ſay, that ſeems much to diſparage our ſenſes 
(which witneſs divers of the remaining qualities to be the ſame they were before) ſeems 


to be deduced without any ground from the phenomena of nature, being introduced (as 


Suarez himſelf, though a friend to this expedient, ingeniouſly confeſſes) but becauſe 
it is conſonant to the Tide that it ſhould be fo (though that itſelf be not 
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ſo evident, but that Scotus, and I know not how many of the Ariſtotelians themſclves, 
reje& this form, if they do not alſo deride it). ts. -- 
Nox need we be very ſolicitous how the parts of a dead body can be kept together, 
if neither ths ſoul, nor ſome new ſubſtantial form that ſucceeds it, perform that office; 
ſince competent agents, whatever they were, having contexed a portion of matter into 
ſuch a human body as the ſoul left upon its departure, the fabrick of the body and con- 
nection of the parts will ſuffice to make it retain for a little while (and that is enough 


for our purpoſe, ſince dead bodies are not wont to remain long unaltered) their priſtine 


ſhape, and divers other manifeſt qualities which may continue till the action of outward 
agents upon the leſs ſolid parts of the body, or the internal and inordinate commotions 
of the juices, and the ſofter, though not fluid parts that are contained in it, do by their 
degeneration vitiate the texture, and conſequently the manifeſt qualities of it. And if 
theſe inordinate agitations of the blood, humours, &c. be hindered, though by an ex- 
ternal cauſe, the body, notwithſtanding the loſs of the ſoul, will continue unputrefied, 
not only for ſome hours, but for many months together; as a learned eye-witnels, 
whom I inquired of, aſſured me, he, as well as many others have obſerved in very cold 
countries, as Ruſſia, Sweden, &c. where they often keep thoſe bodies that die in the 
winter unburied, and yet ſweet, till the ſpring, when the ſun's heat makes them begin 
to putrefy. And it is plain, in ſome aromatick gums and fruits, that bodies that were 
once plants, may, after they have loſt the vegetative ſoul, not only continue many years 
uncorrupted, but by embalming other bodies keep them ſo too. 

Bur, as I was faying, the proſecution of this inquiry (whether in living creatures the 
ſoul be always the true form, to all the intents and purpoſes that the vulgar philsſophbers 
would bave it) belongs not to this place, elſe I might alſo queſtion the congruity of 
what is taught as well by Sennertus, as the ſchools, that upon the ſupervening of the 
ultimate or ſpecifick form, the forms, that thereupon become ſubordinate, do but make 
a part of the matter informed by the new form. I grant indeed, that they may qualify 
and diſpoſe the ſeveral portions of matter they belong to in ſuch a way, as that they 
make the body they conſiſt of a fitter ſubject or receptacle for the ultimate form that is 
to be introduced : and there may be a neceſſity of ſuch previous diſpoſitions in the ſub- 
ject, becauſe the compounded body is of ſuch a nature, as that no other bodies but ſuch 
as are thus and thus qualified, are fit to make ic up. But it ſeems not to me ſo eaſy to 
conceive how a ſubſtance diſtin from matter (for ſuch both he and they make their 
ſubſtantial forms to be) can properly be ſaid to have its capacity confounded with that of 
the matter. And notwithſtanding the lately mentioned diſtinction betwixt ſpecifick and 
preparatory forms, thoſe (laſt named) ſeem to me as true ones, whilſt they are either 
ſole or predominant, as the ſpecifick themſelves. For bodies are what they are by 
the matter and modification that do for the preſent conſtitute them, whatever they 
may prove to be in the future; and it is extra-effential to the form that is ſaid to be 
previous, that it is to be ſucceeded by another which is ſaid to be more noble. A 
ſpring of ſteel is a true and perfect ſpring before it be made a part of the watch, and 
by becoming ſo it is not really bettered in its nature, though it be made indeed more 
uſeful to man: and when copper is turned into vitriol, copper was a true and complete 
metal before, and it is accidental to the copper, that corroſive ſpirits coagulate them- 
ſelves with it into a falt-like ſubſtance, And antimony is true and perfect antimony 
before it be turned into glaſs, whether afterwards it happen to be or be not changed, 


by the bare operation of the fire; from a black and opacous mineral to a fine red and 
tranſparent glaſs, 


Anp 
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Anp though I know Ariſtotle attributes to forms 7iwiirnys x; &riuia ; yet it is not always 
ſo eaſy duly to apply thoſe civil appellations to phyſical things, and to determine whether 
a ſucceeding form be more or leſs noble than the precedent: as when, for inſtance, 
pearls are reduced by falts into a chymical magiſtery, and vitriol is made of iron or 
copper; where, for divers ceconomical and military uſes, the metals themſelves are 
fitter than the magiſteries (as in goldſmiths ſhops and on ladies necks, the intire pearls 
are much more prized than the prepared ones) and for other purpoſes, eſpecially in 
phyſick, which regards the health of man, the magiſteries are better than the crude 
metals. And theſe inſtances put me in mind of taking notice, that as the ſupervening 
of a form does not always deſtroy the old, as in vitriol (ſuch as I formerly mentioned) 
the copper retains its metalline nature under the diſguiſe of a ſalt; ſo upon the aboli- 
tion of the ultimate form, the previous form may in divers caſes be reduced to the 

exerciſe of its former functions; as, out of ſuch vitriol as I am ſpeaking of, it is eaſy, 
without the addition of any metalline ſubſtance, to recover true and malleable copper. 
But II have dwelt too long upon this fifth conſideration, which will invite me to make 
ſhorter work with thoſe that follow. | 

FirTHLY, But before I proceed to them, it will not be amiſs to intimate, that one 
may, if one pleaſes, make ſome diſtinction between ſubordinate forms, there being one 
ſort of them that may deſerve a peculiar name. For in men, horſes, ſheep, and other 
perfect animals, there are divers parts, eſpecially thoſe that phyſicians call ſimilar (in 
oppoſition to organical ones) ſuch as bones, ligaments, membranes, which ſeem. evi- 
dently to challenge peculiar and diftin& forms: for the diverſity of their nature, being 
very manifeſt and ſtable, perſevering oftentimes a great while (as appears in bones) 
after the death of the animal, thoſe that allow that a natural body is what it is upon 
the account of its form, cannot well deny theſe ſo diſtin& bodies diſtinct forms; which, 
_ becauſe the bodies they conſtitute are the parts of a human body, ſome modern ſchool- 
men have (not very inconveniently called partial forms. But this diſtinction being not 
of ſo great weight that we need inſiſt upon it, the notice already taken of it may at 
preſent ſuffice, 

SIXTHLY, I confider, that among the conſtituent parts of an animal or plant there 
may lurk ſome ſeminal principles or rudiments, that is, ſmall parcels of matter of ſuch a 
texture, that though whilſt they remain aſſociated with the otherjparts of the compounded 
body, they are not by ſenſe (eſpecially when that is employed with no greater attention 
than is uſual) diſtinguiſhable from the reſt of the compounded body, comes to have 
its predominant form aboliſhed, theſe ſeminal principles or rudiments being ſet at liberty, 
and befriend:d by external heat, and the ſoftneſs which uſually attends corrupting 
bodies, and perhaps by a lucky concourſe of other circumſtances may fall to act accord- 
ing to their own nature, and generate inſets, moſs, &c. as I have more amply declared 
in other papers “. 

SEVENTHLY, I conſider, that beſides that when the ſpecifick form of a body is 
deſtroyed, the change is not oftentimes ſo great as vulgar philoſophers imagine; the 
corruption of the animal or other body ought not to be looked upon, as if it happened 
in ſome of thoſe imaginary and empty ſpaces that are conceived to be beyond the uni- 
verſe, but in this world of ours, where the body, which is deprived of its ipecifick 
form, is ſubject to be ated upon by the ſun, the air, and I know not how mas 
powerful agents, by whoſe various concourſe with, and operations upon the body, 
either the pre- exiſtent, though lately eclipſed forms, may be aſſiſted to ſet up for them- 
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ſelves, or new forms may reſult from new leagues and contextures of the particles that 
compoſed the body that loſt its principal, or, if I may ſo call it, ſovereign form (as we 
have largely diſcourſed in the lately mentioned papers)“. 

Trtst obſervations being laid down, to avoid the neceſſity of too much interrupting 
our future diſcourſe, by being obliged to interpoſe ſome of the premiſed explications and 
other paſſages, as obſcure and difficult, as we readily confeſs the ſubject we are treating 


of to be, we ſhall now adventure to try, whether about Sennertus's doctrine we can 


propoſe any conjectures, that being as agreeable to the phznomena, as his are congru- 
ous to the corpuſcularian hypotheſis, according to which we have hitherto diſcourſed. of 
forms. . 7 | 

Axp (to begin with a conceffion) I allow the learned Sennertus and his followers to 
be in the right, who, without fearing the invidious title of innovators, aſſerted, that in 
an animal or a plant there was ſomething elſe beſides the bare materia prima, and the 


vegetative or ſenſitive ſoul, with its eſſential faculties. And the inſtances they bring to 


ſhew, that in ſome parts of ſuch bodies there may lurk peculiar forms, which, when 
the life of the plant or animal determines, come to diſcloſe themſelves, are probable 
enough; and the inſtances taken by Sennertus from the ſpecifick virtue that ſurvives in 
gathered plants, and particularly the above conſidered purgative faculty of rhubarb, 


are ingeniouſly alledged for their purpoſe. And it is probable too, what Sennertus, 


according to their grounds, teaches, that this purging property in rhubarb, ſenna, &c, 
as it does not flow from the vital ſoul of the plant, which is already deſtroyed, ſo it 
does not proceed barely from the form of a mixed body as ſuch ; it being no way likely 
that ſo great a variety of ſpecifick properties, as roots plucked out of the ground, and 
fruits torn from the tree, are endowed with, ſhould proceed merely from that general 
form that belongs in common to compounded bodies as ſuch. To which argument I 
forbear to add that other, wherewith it is ſeconded by Sennertus, though he and others 
of ſeveral parties are wont to lay much weight upon it; namely, that theſe properties 
Bow from the ſpecifick form, which, even in inanimate bodies, is of a ſublime nature, 
and muſt be the author of ſuch peculiar virtues, which, according to him, being far 
above the reach of elementary qualities, cannot be produced by any mixture whatever of 
the elements: this argument, I ſay, I decline to urge in this place, becauſe I eliewhere 
purpoſely examine it, and having declared in what ſenſe only it ſeems to be ſafely grant- 
able, I reje& the chief ſuppoſition on which it leans, | 
To proceed then to the next part of our diſcourſe : though (as I was ſaying) there be 
ſome things about the doctrine of ſubordinate forms, wherein I difſent not from theſe 
learned men, yet there are others, wherein I muſt confeſs myſelf unſatisfied; for neither 
do I acquieſce in ſome of the notions whereon they ground the things, wherein we 
agree, nor do I agree with them in ſome of the main things they aſſert: and eſpecially 
having in the paſt diſcourſe rejected ſubſtantial forms, it is not to be expected that we 


ſhould either employ them in our explications, or admit thoſe explications that neceſſarily 


ſuppoſe them. | f 

Try teach us indeed that the ſpecifick form of a body does command all the ſubor- 
dinate forms, and uſe them but as inſtruments to'its own purpoſes, thoſe forms belong- 
ing then to the matter, which the ſpecifick informs and rules. But for my part, that 
do not acknowledge in many bodies, that are or may be faid to have ſubordinate forms, 
any thing ſubſtantial diſtinct from matter, I confeſs I do not readily conceive, which 
way this dominion attributed to the ſpecifick form is exerciſed, nor do I ſee any neceſſity 
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of admitting any ſuch power in that form, nor that the portioris of matter that are en- 
dowed with thoſe forms, that are ſaid to be ſubordinate, can, being under the degrees of 
ſouls, and conſequently unfurniſhed with knowledge and will, pay this preſumed ſuper- 
intendant form any obedience z I mean any other obedience, than ſome ſuch kind of 
one as the parts of a clock or engine may be ſaid to yield to one another. I ſhould 
therefore rather conceive the matter thus; when divers bodies of differing natures or 
ſchematiſms come to be aſſociated, ſo as to compoſe a body of one denomination, though 
each of them be ſuppoſed to act according to its own peculiar nature, yet by reaſon 
of the coaptation of thoſe parts, and the contrivement of the compounded body, it will 
many times happen, that the action or effect produced will be of a fixed nature, and 
differing from that, which ſeveral of the parts, conſidered as diſtinct bodies or agents, 
tended to, or would have performed. As when in a balance, by putting in a weight 
into one of the ſcales, the oppoſite ſcale, though as a heavy body it will naturally tend 
downwards, yet by virtue of the fabrick of the inſtrument is made to mount upwards. 
And when an archer kills a deer with his arrow, the bow being a ſpringy body, naturally 
endeavours to unbend itſelf ; and the ſpring being faſtened. to the bow, muſt neceſſarily 
follow the motion of it, and the ſhaft, though a heavy body, and as fuch, tending 
directly downwards, is by the forcible impulſe it receives frem the ſpring, thrown with 
ſuch violence (not directly downwards, but in a parabolical or ſome ſuch crooked line) as 
far more ſtrongly to hit the mark, than it would (if left to itſelf) have ſtruck the ground. 
So that thoſe actions, which Sennertus and others attribute to the conſp.ring of ſubordi— 
nate forms to aſſiſt the ſpecifick and preſiding form, we take to be but the reſultant 
actions of ſeveral bodies, which being aſſociated together, are thereby reduced in many 
caſes to act jo.ntly, and mutually modify each other's actions; and that, which he 
aſcribes to the dominion of the ſpecifick fo:m, I attribute to the ſtructure, and eſpeciall 
to the connexion of the parts of the compounced body: as in a clock, though all the 
parts it conſiſts of do contribute to the performance of thoſe things that belong to a 
clock, as regularly if they intended fo to do, and did not only concur, but knowingly 
conſpire in what they do, yet in all this there is no ſubſtantial form to ſuperintend their 
motion; but the lead (or other weight) tends downwards as it is wont to do; and the 
hand, wheels, and other parts do only perform ſuch motions as they are forcibly put 
into by other bodies, which by the deſcending weight (that does not in the læaſt intend 
what it effects) are themſelves ſet a moving. And notwithſtanding the prodigious ope- 
rations that men admire in gun-powder, yet not only, as we formerly intimated, this 
ſtrange power is but the effect of the mechanical texture, and of the way wherein the 
ingredients are mingled, and as it were contexed; but this artificial mixture is far more 
ſlight than thoſe made by nature are wont to be. For as the efficacy of the mechanical 
texture in gun-powder may appear by this, that neither of the ingredients (whether the 
ſulphur, the nitre, or the coal) is apart able to produce effects any thing near like 
gun-powder ; ſo to convince others how ſlightly the ingredients are mingled, I thought 
the beſt way was to ſhew how eaſily they may be ſeparated again; to which effect ] brat 
good gun- powder imall, and having Euied it a pretty while in a conſiderable proportion 
of water, by exhaling a ſufficient quantity of the weil-filtrated and limpid decoction I 
obtained ſtore of cryſtals, who'e tigure, taſte, and way of flaſhing upon a quick cos 
proclaimed them to be gcod ſalt petre; the black ſtuff left in the filter remaining, if 
the ſolution had been well made, inſipid enough, and when dried it will not bow up 
like the gun-powder, but (in great part) burn along with a blue flame like com mon 
brimſtone. And for farther proof we may, by boiling this black ſtuff in a pretty ſtrong 
Iixiviur, diſſolve the ſulphur, as will appear both by the ſmell that the lixivium wi | 
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acquire, and by this, that if you filter it, though the liquor will paſs clear enough, and 
leave the black and coal-like part in the filter ; yer by dropping into it ſome quantity of 
an acid liquor (I uſed ſpirit of falt) the ſulphureous ſmell will be increaſed, and the liquor 
will be made white by the precipitation of ſulphureous corpuſcles ; whereas if I put ſpirit 
of ſalt into that clear ſolution, which (I was ſaying) afforded me the cryſtals of nitre, 
the liquor, not troubled by any ſuch precipitation, would continue limpid as before; 
which argued that the ſalt-petre had not intimately incorporated any ſenſible quantity of 


the ſulphur with itſelf, but had been only, ſlightly aſſociated with it. 


AnD to illuſtrate what I ſaid of reſultant actions by an inſtance purely phyſical, I ſhall 
ſubjoin what I ſomewhere mention, with another aim, that by taking a couple of powders 
fir for my purpoſe, one blue and the other yellow, and mingling them in a certain propor- 
tion, the mixture exhibited a green colour, which did not flow from any new predominant 
form, which made the blue and yellow corpuſcles ſubſervient to its purpoſes (for an excel- 
lent microſcope ſhewed me the blue and the yellow particles ſuch as they were before) but 
only hence, that from the mixture of thoſe bodies, the diſtinct actions of the blue and the 
yellow corpuſcles did upon the eye make a compounded impreſſion, like that made by 
bodies to whom their ſpecifick forms are ſuppoſed to impart, among other qualities, 
greenneſs. And when vitriol or ſublimate are made by art, there needs nothing beſides 
the manner, wherein the ſaline and metalline particles are contexed, either to contain the 
parts together, and keep them united into body, or (notwithſtanding their nor only 
diſtin, but very differing forms) to enable the mixture they compoſe to effect divers 
things, which neither of them ſingle would have performed; nay and ſome of them ſuch 
things (as to vomit, purge, Ec.) as merit to be reckoned among ſuch ſpecifick proper- 
ries, as many of thoſe are, which when preſerved in vegetables, are thought to argue 


the conſpiring of ſeveral forms under the direction of a ſuperintendent one. 


AnD as in a watch the ſpring is really a ſpring, and acts as a ſpring, whilſt it is a part 
of the watch, though by reaſon of its connexion with the other parts it is reduced to con- 
cur with thoſe other parts towards exhibiting the phænomena proper to the whole en- 


gine; and though the watch were taken all in pieces, the ſpring would be a ſpring: 


ftill : ſo in many compound bodies, beſides the ſpecifick form, which the body has as. 
ſuch, and which may be called its total or general form, particular bodies (by whoſe 
aſſociation and conjunction it is made up) may enjoy their own diſtin forms, which 
may therefore be called partial ones; and theſe bodies, though whilſt the whole ſubſiſts 
they are part of it, and by their connexion with the reſt concur to the operations of the 
body as ſuch, which joint operations are wont to be thoſe, that are attributed to tlie 
fpecifick form; yet they do not always ſo depend upon it, but that when it is aboliſhed, 
they may retain their own nature; as a bone will be a bone ſtill, whole ages after the 
animal it belonged to is dead: whence we need not wonder, that divers forms ſhould: 
farvive in bodies deprived of their ſpecifick form. For indeed thoſe that are called 
ſubordinate, may be as true and real forms (nay, and ſubſtantial forms, if in any living 
creature, beſides man, there were any ſuch) as that which bears the title of ſpecifick ;. 
and even whilſt this is in being, there are many things which compounded bodies per- 
form by virtue of their particular forms,. rather than upon the account of the ſpecifick : 
as (not to repeat the newly. mentioned inſtance of a ſpring) in vitriol the friableneſs, 
tranſparency, and aptneſs. to, mingle with water, need not be attributed to the compoſi- 
tum as ſuch, but may, for aught we know, be due to the ſaline corpuſcles, which not 
only retain their own nature (as may be argued from ſome vitriols that I have made- 


-fince I have been able to ſeparate and recover them again out of the mixture) but to 


reduce the metal, they have corroded, into a falt-like body with. themſelves. And in 
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gun-powder it is manifeſt, that the blackneſs proceeds not from the compoſitum as ſuch, 
but from the coals, as the nitrous taſte does from the ſalt-petre. And the fragrancy of 
a roſe, whilſt it grows upon the buſh, need not be conceived to proceed from the ſoul or 
life of the plant, ſince, when it is gathered, it retains the ſame grateful ſmell, 

And this laſt inſtance leads me to a farther conſideration, wherewith I ſhall conclude 
this diſcourſe. We may call to mind what was obſerved a little after the beginning of 
it, of the arbitrary, or at leaſt not ſufficiently ſettled uſe of the word form; and that it 
not ſeldom happens, that thoſe things, upon whoſe account we attribute this or that 
form to a natural body, are but very few of thoſe many attributes that belong to it. 
Now the form of a body being really no more than a convention of accidents, whereby 


the matter is ſtamped and denominated, it is very conſonant to reaſon, that oftentimes 


hoſtile agents or cauſes may deprive the matter of thoſe accidents, which conſtituted the 
ſpecifick form, and yet leave the reſt, which, according to the law of nature, ought to 
continue there, till ſome competent agent put the body out of that ſtate, wherein, upon 
the form's deceaſe, it was left. | 
Anp to clear up this matter, we may conſider, that the ſame body may 
have a.two-fold modification, and be thereby fitted for two, if not more, ſtates 
and kinds of operations, not neceſſarily dependent upon one another. For as 
the ſpring. of a watch by virtue of its texture is an <laſtic body, and upon the 
account of another is iron, and therefore though being caſt red-hot into cold 
water it will become tiff and brittle, and conſequently ceaſe to be a ſpring, yet it 
will continue iron, that is, a hard metalline body eaſily ſubject to ruſt, capable of 
ſtriking fire with a flint, and of being attracted (as men commonly ſpeak) by a load- 
ſtone, and of attracting a magnerical needle ; ſo in a roſe, for inſtance, we may diſtin- 
guiſh or conſider a two-fold modification of the matter, one, whereby it is fitted to re- 
ceive from the buſh it grows on a certain peculiar and ſpirituous ſap, by whoſe inter- 
vention and concurrence it has nouriſhment and growth, and conſequently exerciſes vital 
functions as a part of a living plant; and another which does not ſo much require the 
acceſſion of fluid and moveable parts, but conſiſts rather in the texture of the more 
ſtable parts: and this texture being commonly more permanent and durable than the 
other part of the modification (conſiſting much in the peculiar motion of a fluid ſub- 
ſtance) wherein the life participated by the roſe conſiſted, may laſt, when the flower 
is deprived of its ſoul and ſpecifick form by its avulſion from the buſh, and retain tho'e 
qualities, as well occult as manifeſt, that naturally reſult from a parcel of matter is 
contrived. Wo 
1 may ſomewhat illuſtrate my meaning on this occaſion, by making a compariſon 
betwixt a living creature and a mill. For as a mill is capable of performing divers things 
only when the water, that paſſes through certain of its parts, put them, and, by their 
intervention, others into motion; ſo there are divers things, that are not pertormable by 
a plant, unleſs when it is itrrigated by a vital liquor. And as a mill may nevertheleſs 
retain the nature of a ſtructure uſcful for other purpoſes, though the drought of ſummer 
have perchance made it loſe, or the froſt have congealed into ice the water that uſed 
to drive it; ſo although the foul of a plant be deſtroyed, or ceaſe to act, the body 
may, upon the account ef the mo e permanent ſtructure of its ſtabler parts, retain a tt- 
neſs for diverſe of the fame purpoſts it ſerved for before. And if it were here peitinent, 
the compariſon might be carried on a litcle farther by adding, that as when a mill does 
upon either of the lately mentioned accounts ceaſe to perform the peculiar operation of a 
mill, as the wood, iron, and other materials of that mill are not deſtroyed; fo neither 
does the water vanith into nothing, but either loſes its motion, and by being congcaled 
exchanges the name of water for that of ice, or elſe is diifipated and ſcattered into exha- 


Q 2 Jations, 


123 


: . 
one lt otic wt fe he. TOE GOES net DB eB ate I 


-* — — ww. —— 2 ww» R —— — 2 


* Fa 1 . - 
— - 
— 4 — > 


e 


— — 
— W 
— — 4: Oo_ 


- — — 2 


7 2 ————— IEEETY 
2 * 
* 


—— ̃ —— oe oo -. 2 —— — 
2 1 — — ——— = — 
833 - Lo - 
= — » — = =e" 23 22 * <> 
_ a — % = - — * — — — — — 
— — * Aran — s —— 
©» o — — r — — — 


r 


— — 
—— _— — 


Free Confiderations about 


lations, which contain all the ſubſtance that ever the water had, that, which is loſt, bes 
ing but the uſual manner of coexiſtence of the water and the mill it was wont to drive: 
ſo when a plant is pulled out of the earth, or a roſe from the buſh, as the diſmembered 
part of the plant may retain the texture of its more ſtable parts; ſo the ſap or Juice; 
that were wont to enliven the body, does, though inviſibly, remain either in the form 
of ſteams exhaled into the air, or perhaps in parts condenſed and intercepted upon the 
loſs of its wonted agitation in the imperceptible cavities of the fibres, and other parts of 
the plant, ſo that nothing, that is ſubſtantial, periſhes, but only the particular modifi- 
cation, that reſulted from the peculiar kind of union of the more permanent parts with 
thoſe congruouſly ſhaped and fitly agitated fluid ones, that permeated them. As to 
ſome purpoſes, the example of a wind-mill, being ſet on work merely by the impulſe of 
the air, may be more appoſite than that of the water- mill; but neither of them affords 
any more than an imperfect compariſon in this regard, among others, that whereas the 
mill it{elf by loſing even for a very Jong time, the motion it was wont to be in, is not 
thereby conſiderably impaired, becauſe of the ſolidity of the materials it is made up 
of; in vegetable, when that fluid ſubſtance, whereof the ſoul chiefly conſiſts, quite 
ceaſes to be influent, one of its chief functions being to repair continually, by aſſimilated 
or -tranſmuted aliments, the waſte that was continually made of looſer parts in the body 
it belonged to, the ſame agents or cauſes, that deſtroyed the life of the plant, are wont 
likewiſe to produce or occaſion ſuch a diſcompoſure im the texture of the remaining part 
(eſpecially thoſe that are more tender or more flightly connected) that they quickly be- 
come unfit to be animated again, though a fluid ſubſtance; like that which was wont 
to irrigate it whilſt the vegetative life laſted, ſhould be again communicated to it; but 
yet even in this regard the difference betwixt a mill and a plant is not always ſo vaſt. 
as one would imagine, For in claſſick authors we have relations of a ſtaff or a pike 
made of a durable wood, that many years aſter the tree had been cut down, being caſu- 
ally ſtruck into the ground, took root there. And as for the roſe of Jericho, as they 
call it, a late modern writer, followed, as I remember, by another naturaliſt of good 
account, affirms, that divers years after it is gathered, and ſeems to be quite ſhriveled 
up and withered, it may by the help of water be ſo far recovered, as to be plumped up 
again, and diſplay its leaves almoſt as if it had not been long ſince gathered. And 1 
myſelf have, not without ſome wonder, obſerved, how very long a plant of aloes torn 
from the ground, and hung in the air near the cieling of my chamber, would not only 
continue ſucculent, . but (perhaps after ſome years) be capable of being made to perform 
acts that are wont to be aſcribed to vitality and growth, upon the dexterous adminiſtra- 
tion of a convenient liquor: and even ſome animals themſelves are not fo very unlike to 
theſe plants, and conſequently to engines, as one would think. For that which children 
are ſaid to do for ſport about reviving drowned flies, challenges a more ſerious conſidera- 
tion than were fit for me to inſiſt on now, and deſerves to be both heedfully experimented, . 
and ſeriouſly reflected on by a naturaliſt, I choſe to try it chiefly upon waſps and bees, 
rather than upon flies, becauſe their bigne's renders the phænomena more conſpicuous z 
and having drowned them fo, that if let alone, they would not in probability have 
ever recovered, I found that the hfat of: the ſun would recover them, as well as it has 
been obſer ved, that warm aſhes would recover flies (fo that theſe trials argue celeſtial 
heat to be as little more as leſs vital than elementary): and the degrees and manner of 
their recovering again the operations of life ſuggeſted obſervations, not unworthy to be 
taken notice elſewhere, though not fit to be delivered here; where I ſhall not ſo much as 
mention what with warm applications we have done, to revive the expired motion of 
the parts even of perfect and ſanguineous animals, when they ſeemed to E. ou 
. meas. 
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killed 3 becauſe I fear that the excurſions I have unawares made already will be looked 


upon as too much a digreſſion. 
WHEREFORE, to take up my diſcourſe where a while ſince I left it, I ſhall proceed 


now to obſerve, that even in a body that has loſt its ſpecifick form, the noble qualities 


that remain do not always flow from the form of the entire body as ſuch, but from the 
peculiar form of ſome particular parts of that body, which being ſeparated from it, 
though perhaps the more ſtable parts that remain, will keep the viſible ſtructure from 
being-manifeſtly- altered, yet this remaining body will be quite deprived of the noble 
properties we were mentioning ; as may be gathered as well from what has been above 
mentioned out of Sennertus about drawing an extract from rhubarb, in which its whole 


rgative virtue reſides, as in ſome preparations of cinnamon, and divers other ſubſtances - 


endowed with fine parts, which upon the loſs of thoſe parts remain but the carcaſſes of 


what they were. And even in the groſs bark of oak, tanners find that when the water 
has extracted the diſſoluble parts, or time has waſted ſome ſubtile parts, and changed the 


texture of the reſt, though the bark retains its outward form, they cannot make uſe 
of it as they might have done before. And (as I formerly intimated “) beſides this 


pre-exiſtent and ſurviving modification, it is in divers caſes very poſſible that new qua- 


lities and properties (whoſe principle may be called a form) may be diſcloſed upon the 
aboliſhing, of the ſpecifick form, though they were not actually in any part of the matter, 
but.are produced in it by a concurrence of the texture and diſpoſitions left there by the 
late form, . and the operation of external agents. As when out of the fleſh of a dead 
animal there is generated muſk ; for not only thoſe ſeminal rudiments that actually were 
latitant in the corrupted body, gain opportunity to ſet up for themſelves, and become 
perfect inſets, or other creatures of their own kind, but the external agents, to whoſe 
action, according: to the common courſe of Providence, deceaſing plants or animals ha 


pen to be expoſed, do oftentimes (not without the foreknowledge of the moſt wiſe | 


Author of nature) ſo agitate the ſmall parts of the widowed matter, and perhaps by aſ- 
ſociating themſelves with them do ſo alter their texture, and thereby introduce a new 
modification, that by the conjunction of the former diſpoſitions that were regularly left in 


the matter with theſe new agents, promoted by a concourſe of favourable circumſtances, . 
there may be produced new and noble forms (however not vital ones). As when a 


lime-ſtone, being calcined and left in the open air, will in tract of time, as I have particu- 
larly obſerved, by the aſſiſtance of congruous particles it meets with there, and befriended 
by the more catholick cauſes or phyſical mutations, afford true and inflammable ſalt- 
petre ; and I have ſeen certain marcaſites that, being burnt and expoſed to the air in con- 


venient places, would have ſuch a change produced in their parts, as, after a due time, 
to afford an effloreſcence, which both by the colour, taſte, and operation appeared to 


be vitriol. 
Bor of ſuch matters no more at preſent. I will rather take notice, in proſecution of 
what I was not long ſince obſerving about the two-fold modification of living creatures, 


that I fear we ſometimes attribute to the ſpecifick form or ſoul things that may be well 
enough performed without it by the more ſtable modification of the body, befriended ' 


by an eaſy concourſe of natural agents. Thus, though the excluſion of excrements be 
unanimouſly aſcribed to the ſoul, which for that purpoſe is ſaid to be endowed with a 
peculiar faculty, that they call expulſive; yet it has been obſerved and affirmed by many, 
that divers times the excrements have been diſcharged out. of the bodies of men a good 


while after they were unqueſtionably dead; ſo much (it ſeems) of the former ſtructure of : 


1 Efpecially in the 5th and Sth conſiderations, 
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the parts remaining, as ſufficed to a 
by the death of the animal, to that excluſion. And thus (to add an inſtance of another 
kind) though the maturation of fruit be a great, and, as the ſchools ſpeak, a perfective 
alteration, which is ſuppoſed to be wrought by the vegetative ſoul of the plant; yet ir 
has been vulgarly obſerved, that apples and grapes gathered before they be ripe, and 
laid on heaps together, will ripen well enough afterwards (and the example were more 
eminent in medlars, if what ſome call their ripeneſs, others did not call their rottenneſs), 
And very remarkable is that account which the inquiſitive Oviedo gives the emperor 
Charles the fifth of the Ananas, if I miſtake not the name; which having mentioned as 
one of the conſiderableſt fruits he met with in the Veſt- Indies, he takes notice that 
though, notwithſtanding their largeneſs, they grow in cluſters, yet they muſt be ga. 
thered whilſt all but one are green. For as ſoon as the firſt begins to be yellow, the 
whole cluſter muſt be taken off, leaving the reſt to ripen, and attain to the ſame colour 
in the chamber, which they will very well do. The learned Jeſepbus Acoſta ſpeaks 
thus of the fruit of the plane-tree, to the ſame : ©* This fruit (fays he) inclines more to 


cold than heat.“ They are accuſtomed to gather the boughs or cluſters (as I have 


ſaid) being green, and put them into veſſels, wherein they ripen being well covered, 
eſpecially when there is a certain herb mingled with it, which ſerves for this effect. But 
the diligent Piſo ſpeaking of thoſe Braſilian plants, which he calls Pacoeira and Bana- 
niera, punctually relates that which comes up yet more fully to our preſent purpoſe. For 
not only ſpeaking of the fruit, he ſays “, continentur plerumque in uno ramo quatuordecem 
aut ſedecem numero, ut ita una planta proferat ſeptuaginta aut octuaginta, qui , ſubinde 
virides avulfi, nunc in ædibus, nunc in navibus ſuſpenduntur, donec juſtam maturitatem 69 
flavedinem conſequantur : but adds this memorable paſſage concerning the lapped boughs 
themſelves; Ramus autem ille fruftibus onuſtus, interea dum illi matureſcunt, augetur, 
floreſque ſemper protrudit ex corpore illo foliaceo, Sc. On this occaſion I might here add, 
that even in our cold climate, onions and ſome other bulbous plants will in the ſpring- 
time ſhoot out of their own accord, And I have taken pleaſure to keep potatoes in 
the air, to obſerve how at that ſeaſon, when they uſually begin to ſprout in the ground, 
they would put forth leaves at ſo many of the little holes or dimples, as to give them- 


ſelves a verdant livery : but that not being willing now to examine, whether or how far 


an animated ſeed may have an intereſt in theſe laſt mentioned productions, I will rather 
take notice, that even in animals ſome things that are confidently preſumed to be the 
proper effects of the animal's ſoul, may be really performed by the texture of the body, 


and the ordinary and regular concourſe of external cauſes. For (not here to repeat what 


I lately noted of the excluſion of excrements in dead bodies) though the nails of a man 


are nouriſhed, and do grow as well as other parts; and though the hair in moſt animals 


be ſometimes, even in determinate parts of the body, peculiar to the ſpecies of animals to 
which it belongs; and though in man hairs do not only grow, but in the diſeaſe called 
the plica Polonica it appears to participate of blood (ſince the hairs being cut, weep 
out that liquor) yet nails themſelves are obſerved to grow in dead men. And that 
they do not ſo only (as is ſuppoſed) for a little time, whilſt the impreſſions left by the 
ſoul upon the carcaſs are yet vivid and recent, but for a much longer while than has 
been imagined, I have been with pleaſure informed by a memorable oblervation 1 
met with in the experienced F Paræus, who ſpeaking of a body that he by imbalming 
preſerved for mere than twenty-five years, he affirms it ſtill remained whole and ſound, 


+ Acrfta, lib. 4. p. 269. * Piſo, Natur, Hiſt, cap. 21. pag. 155. t Pareus, lib. 28. 
| and 


ate with the excrements themſelves, changed 


ww ic 


mm: Qq «% . rr „ * 


to 


Subordinate Forms. 


and that, as to the nails, he found, that having often pared them, be ſtill obſerved them 
to grow again to their former bigneſs. | X 

I xnow the patrons of Sennertus's opinion look upon it as a clear and cogent 
argument, to prove the ſoul's performing almoſt all things done in the body, 
that in the corpſe of a man or other animal newly dead, though the orga- 
nization remain the fame, yet all the animal and vital functions perfectly ceaſe, 
But beſides that I have already taken notice, that ſome things wont to be at- 
tributed to the ſenſitive ſoul may be obſerved in a body avowedly dead, I confeſs, that 
this argument ſeems to me, though very ſpecious, yet grounded upon what is but pre- 
carious. For though it may be true, that the viſible fabrick may continue for a while 
without any manifeſt alteration, yet who can aſſure us that the internal organization 
is not conſiderably changed and vitiated ? For the body of an animal is an engine, 
that conſiſts not only of ſolid and ſtable parts, as bones, muſcles, ſkin, Sc. but of di- 
vers ſoft ones, as the brain, nerves, Sc. and of ſome that are fluid, as the blood and 
other liquors z and, which is in our caſe exceedingly conſiderable, requires a convenient 


coaptation, or compoſition of all theſe : whence it follows, that the external frame of 


the body remaining unaltered, yet upon death there may be great znd ſad alterations 
in the texture of the blood and humours, and the contexture or ſtructure of other inter- 
nal parts. And theſe changes may quite ſpoil the organization of the body, and make 
it unfit to perform the wonted functions of ſuch an engine. Thus we ſee, that in dead 
bodies, even whilft they are warm, the blood oftentimes coagulates in the veſſels, 
whereby the circulation, that grand wheel of life, is ſtopped. And in ſudden palſies, 
though there be uſually no viſible change in the affected limb, yet it loſes ſenſe, or mo- 
tion, or both : and not only in ſyncopes or great ſwoonings, and in apoplexies, a great 
part of the animal functions are for the time ſuſpended or unperformed ; but even in ſo 
natural a ſtate as ſleep, the body appears not to move, nor do ſounds and odours affect 
the ſenſes, as when one is awaked, though the ſoul be preſent in the body, and the 
ears and noſtrils be open. And how great changes in the nature of liquors, and conſe- 
quently of the blood, may be produced without any viſible alteration, may be gueſſed 
at by what often happens in wine upon thunder; for that liquor, which was pleaſant, 
ſpirituous, inflammable before, ſpeedily degenerates into a ſour and uninflammable 
vinegar. Which inſtance will not, I ſuppoſe, appear inconſiderable to thoſe many mo- 
dern philoſophers and phyſicians, that would have life mcinrzined by a biolychnium, or 
vital flame continually burning in the heart, and fed by-the ſpirituous parts of the circu- 
lating blood. 55 

Ir were not perhaps time miſpent to proſecute ſuch inquiries, as we have lately 
touched. But though I did not want leiſure, I ſhould be diſcouraged by conſidering, 
that even ſome of the things 1 have already delivered, may be queſtioned by thoſe who 
take not the word /ife, and ſome other terms by me imployed, in the ſame ſenſe that I 
do. And indeed it is very difficult that men ſhould avoid falling either into miſtakes, or 
into unprofitable diſputes, if they diſcourſe largely of ſuch themes, where the names that 
are of a very common ard neceſſary uſe, have (yet) their ſignifications very little ſtated 
or agreed on. For life, for inſtance, is a word, whoſe meaning is not yet defined, and 
is applied to ſubjects, that are exceeding different; for it is aſcribed not only to all forts 
of animals and plants, but by many chymiſts and mineraliſts to ſtones and metals grow- 
ing in the bowels of the earth. Nor is it attributed only to things corporeal, but to 
thoſe that differ toto genere, as they ſpeak, from them; namely, to ſeparate ſouls, an- 
gels good afid bad, and to God himſelf. Nay, what that is even among animals, 
wherein it conſiſts, is not yet ſufficiently agreed on, as mzy appear by the diſpute 
among the modern naturalifts, whether prolifical, but as yet unhatched, eggs have life 
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or no? and whether flies be really dead in winter, which ſome affirm them to be, not 
only becauſe thoſe inſects ſeem to be devoid of ſenſe and motion, but becauſe they place 
the notion of life in a conſtant. circulation of the blood, or ſome analogous juice, and a 
diſtribution of the aliment thereby performed to repair the waſtes of the body; whilſt 
others, on the contrary, think them to be rather benumbed than dead, becauſe regularly 
recovering the manifeſt actions of life in the ſpring (or oftentimes before, if a due appli- 
cation of heat be made unto them) it cannot be ſuppoſed, that they were during the winter 
really deſtitute of life: death being a privation, which, by phyſical means, admits not 
of a return to the former ſtate, Nor are the boundaries and differences betwixt the life 
of a plant and that of an animal ſo ſettled and defined, but that divers not impertinent 
queſtions may be made about them; and particularly it may be doubted, whether ſome, 
as nails, hair, horns, &c. that belong to the body of an animal, may not for all that 
(even whilſt he is alive) have the nature of a -plant, to which the part where it grows 
ſerves as the ſtock does to a graft for a foil, and is but an appropriated one. But to 
do more than point at ſuch matters, would add too much to the digreſſions, of which 
J fear the paſſed diſcourſe may be thought to be guilty already. I ſhall not therefore add 
any thing at preſent further about the ſubordinate forms of plants and animals: but in re- 
garde 1 ventured, about the beginning of this little tract, to aſcribe ſubordinate forms to 
divers bodies that never had life, which I doubt will ſeem a paradox to many, I think 
it will not be amiſs to apply the chief points of our doctrine about ſubordinateforms to 
inanimate bodies, becauſe this courſe, as it will invite me to make ſome new, though 
ſhort additions, to illuſtrate and enlarge ſome points, ſo it will help to call to your me- 
mory moſt of the heads of that doctrine, which the ſeveral excurſions whereto divers ſub- 
| jects tempted me, may have kept you from taking a diſtinct view of, And for order's 
| jake I ſhall caſt the main things, I would have conſidered, into diſtinct propoſitions, 
. ; with ſhort comments annexed 'to them ; having only intimated in general once for all, 
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that you will not, I hope, wonder, that I ſhould often uſe for examples, ſuch bodies as 
are looked upon as factitious, if you recal to mind what I have formerly ſaid to ſhew, 
that the di derence betwixt them and thoſe that are confeſſedly natural, is not always near 
a | ſo great as men are wont to imagine. To which I ſhall now add, that in the following 
1 diſcourle they are often imployed, not ſo much 10 prove, as to illuſti ate the notiens on 
whoſe occaſion they are alledged;; which ſure they may very properly do. And among 
the bodies themſelves, in whoſe productions Man's power or {kill has a ſhare, I reckon 
that, there is a great difference between thoſe, wherein man gives an outward ſhape, 
ſuch as himſelf deſigns, by tools of his own making, that are always external to the pro- 
duced body, and thoſe (ſuch as are moſt chymical productions, beſides others) wherein 
his chief work is to apply phyſical agents to patients, by which means it oftentimes comes 
to pals, that (as in productions, that all allow to be natural) the inſtruments he works by 
are parts of the matter itſelf he works upon, or at leait intrinſica to it. But of this 
more perchance elſewhere ; I come to the propoſitions themſelves. 

Tur word form is of a ſufficiently indeterminate ſignification. 

T x1s I have already had occaſion to ſhew, that it can ſcarce be denied by them that 
ſhall conſider, though it be a technical word or term of art, yet mien have not intelli- 
gibly defined and agreed, on how many, or what things they are ſufficient to intitle a 
portion of matter to a determinate and diſtinct form, For beſides that there are I know 
not how many bodies, ſuch as treacle, beer, gun-powder, coal, ink, Sc. about which * 
men ſeem not ſo much as to have conſidered whether they ought to have particular 
forms aſcribed to them (or to be looked upon only as factitious things) there are other 
boJics, that have becn taken nogice of, about which even the Peripateticks diſpute, 

| | whether 
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whether they ought to have particular forms allowed, or no. For not only ice is by 
ſome made to be a diſtinct kind of natural body, whereas others will have it to be only 
water altered, and thereby deprived of its fluidity, not its form; but even touching 
the elements themſelves the ſchool-men fiercely diſpute, a whole party denying them 
to have any other forms, than the firſt qualities by which they are wont to be diſtin- 
guiſhed. * If I affected paradoxes, I might here add, that perchance there may be bodies, 
which, as they may be diverſly conſidered, ſeem to have a title to more than one 
form, and upon that 5 puzzle the ſchools about the aſſignation of their forms. 
When, for inſtance, I have (though not without ſome difficulty) reduced lead per ſe 
into a body like that which chymiſts call vitrum Saturni, and which they make by the 
addition of flints ſand z and it is not eaſy to determine whether this ſhall be one of thoſe 
kind of bodies that are called metals, and in our inſtance is only diſguiſed, or belongs to 
that other kind of bodies we call glaſs; for it ſeems to have the properties of both. For, 
like lead, it is very ponderous, and diſſoluble in aqua fortis and ſpirit of vinegar, which 
diſſolve not common glaſs; it affords a very ſweet ſolution, as lead is wont to do; 
and which is more, it may without addition by bare heat be quickly reduced in great 
part into true and malleable lead. On the other ſide, it is a body fuſible, tranſpa- 
rent, and brittle, which are the three grand properties of glaſs; beſides which, I have 
obierved in it ſome others that will be more properly taken notice of cllewhere. So 
likewiſe when miſletoe grows (as I have ſometimes ſeen it) to a very great bigneſs on a 


— 


hazle, which (you know) is but a very ſmall tree; or when an apricot or peach is 


inoculated, and proſpers upon the bough of a plum-tree, the reſt of whoſe branches 
bear plums as they did before (to which I might add ſome inſtances of trers that I have 
ſeen to bear more kinds of fruit); and when red or blue ame] is made, which conſiſts 
of calcined tin, which they call putty, and of the ſalt and ſand (or fuſible ſtones) whereot 
the glaſſmen make what they call their fritta, and of ſome burnt copper, or ſome other 
metalline pigment, moſt, if not all, of which ſo differing ingredients may perchance be 
re- obtained out of the amel, which has divers properties of the reſpective bodies it con- 
liſts of, and yet wants others of them: if, I ſay, ſuch examples as the/e, to which I 
could add ſeveral others, were propuſed, it would perhaps ſomewhat perplex the ichoo]- 
men to accommodate them fairly to the vulgar doctrine of forms, at whoſe iraming 
probably ſuch inſtances were not dreamed of. 

II. It is not eaſy to decide the nobleneſs of forms. 

Tuts point alſo has been partly handled already, which will make it the lets need- 
ful to inſiſt long upon it; and indeed, befides that nobleneſs is rather a civil or politi- 
cal than a phyſical qualification, it is oftentimes difficult enough to determine even 10 
this ſenſe of nobleneſs, which of the two forms is the moft noble. Of this difficulty we 
have already elſewhere given ſome examples, to which we may add, belices the lately 
raentioned inſtance of the glaſs of lead, that of antimony mace per ſe; cruve antimony 
being fitter for ſeveral purpoles, both mechanical and medical, than the vitrified calx; and 
this again being better for divers other ulcs than that which has not been frecd from its 
more fugitive parts. | | 

Ir ſeems it was diſputable among the ancients, whether or no their eletrum which 
learned men tell us was a compoſition of gold and filver) was a nobier thing than gither 
of thoſe metals. And it may be queſtioned, whether, when coymilts have made a prect- 
pitate of gold and mercury, the produced powder be a nobler thing than the gold alone, 
For chymiſts think it worth while to put themiclves to much trouble and ſome charge 
to bring gold, by the addition of mercury, to this new ſtate; and theretore if a ſpagy- 
rica} phy ſician were judge, he would think that in ſuch a medicine the gold is improve. 
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by the change; but if a*goldſmith were to be judge he would conelude that gold, being 


the nobleſt of metals, an alloy muſt needs imbaſe it; and he would take the pains, by 
melting it with borax or ſome other additament, to free the gold from the quickſilver, 
and reſtore it to its priſtine form. | | 

Ir may alſo be diſputed, whether, though in living creatures the ultimate form be 
wont to be more noble than its previous harbinger, it may not be ſometimes otherwiſe 
in bodies inanimate, as well as in the productions of art. I will not urge for an example 
to this purpoſe, that when corn is ground in a horfe-mill, though the whole aggregate, 
conſiſting of the horſe, the wheels, grindſtones, and other parts of the mill, be looked 
upon as but one engine in reference to- the uſe of the whole, which is comminution of. 
grain; yet the horſe, though contained in the mill, and looked on as a part of it, is 
of a much nobler nature than the engine, to whoſe effects it co-operates. This example, 
I fay, and others of the like kind (as that of a turnſpit-dog, included in a wheel, to. 


make it go round) I ſhall not preſs, but rather give this for an inſtance, that when an- 


artificer, who makes filver ſodder, adds to the ſilver a certain proportion (which I have 
elſewhere ſpecified) of braſs or copper, and melts them. together, though he thereby- 
obtains a mixture of good and frequent uſe for joining together the pieces of braſs and 
ſilver inſtruments, and ſtopping holes and cracks in them, yet it may be much quel-- 
tioned, whether this brittle ſubſtance-be not leſs noble than the filver alone was. And 
when a plant, that pom by ſome petrifying ſpring, by imbibing that water is at 
length turned into a 
it may well be queſtioned, whether the ſupervenient form be not leſs noble than that 
which the plant had before. * 

III. In divers bodies the form is attributed upon the account of ſome one eminent 


property or uſe; which, if it be preſent and continue, though many other things ſuper- 
vene or chance to be wanting, the matter is nevertheleſs looked upon as retaining its 


form, and is wont to be allowed its uſual denomination. 


Ax example of this we may be furniſhed with by our lately mentioned inſtance of 
vitrum antimonii: for the account, upon which we take a bedy to be a glaſs, being 
chiefly fuſibleneſs and tranſparency, this antimonial preparation, by virtue of thoſe qua- 


lities, paſſes without ſcruple for glaſs, and would in effect be taken for yellow or red 
glaſs (according as it happens to have more or leſs of t incture) by an indifferent ſpecta- 


tor, who were aſked what it is. And yet this ſubſtance is not only by its ſolubility, 
unfixedneſs, and diſpoſition to afford a regulus very differing from common glaſs, but 


retains ſo much of an antimonial nature and properties, as to be vomitive and purgative, 
as well as crocus metallorum. It can ſcarce be unknown to chymiſts that there is a vaſt 
difference between thoſe liquors that are expreſſed out of olives, almonds, and other 
unctuous vegetables, and thoſe fine eſſential oils, as they call them, which are drawn 
by the help of water in limbecks; and even of theſe, ſome are wont to ſwim upon 
water, as oil of anniſceds or nutmegs; others to ſubſide, as the oil of cloves and cinna- 
mon, &c. well drawn; and all theſe eſſential oils are very differing from the oil. of 
guaiacum or of box, and other empyreumatical oils that are diſtilled in retorts by the 
violence of the fire; and theſe do as much differ from expreſſed oils as from eſſential 


ones: and yet all thefe fo differing liquors are reckoned among oils,. becauſe they agree - 


in this, that they are fluid bodies, unctuous to the touch, and mingle not with water. 
And ſo although ſome ſorts of ſalts be very fugitive (as the volatile ſalts of hartſhorn, 
urine, &c.) others very fixed (as that drawn from the calx of tartar, and from the aſhes 
of wormwood, aſh, celandine, and other plants); and though ſome ſaline liquors, as 
vinegar and juice of lemons, are acid, and diſſolve pearl, coral, &c, which lixiviate 
lalts, 


one; though the rarity of ſuch-things makes men prize them, yet: 
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ſalts, whoſe taſte is fiery, will precipitate what the others have diſſolved; yet all theſe 
are numbered among ſalts, becauſe they agree in the accounts upon which we- allow 
bodies that denomination ; namely, their being very ſapid, and readily diſſoluble in 
water. Examples to the ſame purpoſe with the foregoing I could give you in flame, 
ſmoke, glaſs, coal, and divers other ſorts of bodies. And indeed, by reaſon of the 
unſettled notion and almoſt arbitrary uſe of the word form, I have obſerved it to be fo 
uncertainly applied to the conſtituting of the diſtin claſſes or kinds of bodies, that I 
have doubted whether divers of thoſe forms by which ſuch kinds are conſtituted, be not 
a kind of metaphyſical conceptions, by virtue of which, bodies very differing in nature 
are comprized in the ſame denomination, becauſe they agree in a fitneſs for ſome uſe, 
or in ſome other thing that is common to them all; as whether a bullet be ſilver, or 
braſs, or lead, or cork, if it ſwing at the end of a ſtring, it is enough to make it a pen- 
dulum ; and whether a burned body be chalk, or rag-ſtone (which is very hard and 
coarſe) or alabaſter, which is a ſoft and fine ſtone, or an oyſter-ſhell, or a cockle-ſhell, 
or a piece of coral; yet if it have been calcined to whiteneſs, it is lime, rather than ſuch 
true phyſical forms, as are ſaid to make the bodies that have forms of the ſame deno- 
mination, to be of the ſame ſpecifick nature. However theſe forms ſeem to be very 
generical things, and more ſuch than is commonly heeded. And I have alſo ſometimes 
queſtioned, whether ſome of thoſe things, upon whoſe ſcore men conſtitute bodies in 
this or that ſpecies or claſſis, be ſo properly the true and intrinſick forms of thoſe bodies, 
as certain ſtates of matter, wherein bodies very differing in nature may agree. As water, 
wine, and I know not how many other differing liquors, may each ot them apart be 
made, by congelation, to paſs into that ſort of body we call ice. And not only the 
tallow and greaſe of animals, and the expreſſed oils and ſpirits of fermented vegetables 
{ſome whereof differ exceedingly among themſelves) but alſo (as I have tried) divers 
mineral and even metalline concretes may be made (ſome of them without deſtruction 
of their nature) to pals into that claſſis of body we call flame. 

IV. By reaſon of the conjunction or connexion of the parts that make up a fotum (or 
at leaſt an aggregate of bodies that, for their connexion, are looked upon as ſuch) it will 
often happen that ſeveral things will be performed by the joint or concurrent action of 
theſe united (or coherent) parts, | 

Tnesex kinds of operations are of kin to thoſe mentioned by the ſchoolmen, when 
they tell us that ſome things are done by divers agents atone communi ; as when a man 
diſputes vive voce ſylogiſtically, the rational ſoul, which dictates the words, and the 
vocal organs that pronounce them, are afione communi the efficients of the pronounced 
iyllogiſm. But to give an inſtance nearer to our purpoſe ; when a bullet is let fall upon 
a level pavement, though it touches the body it falls on but in a very ſmall part of its 
ſuperficies (geometricians having demonſtrated that a perfect ſphere can touch a perfect 
plane but in one point); yet the plane receives the action of the gravity of the whole 
body; thoſe parts that do not immediately come to touch it, ſtriking it nevertheleſs by 
the intervention of thoſe that do. And fo likewiſe in a boat, the limbs and clothes of a 
man that ſtands upon the deck, and all the parts of a watch, if he carry one in his 
pocket, gravitate concurrently on the veſſel, though only the ſoles of his feet or ſhoes 
do immediately preſs upon. it, and the wheels and other parts of the watch may be 
moving at the ſame time very differing ways. Now in organical bodies, and divers 
others, both naturàl and factitious, thole things that are performed by the parts as in a 
itare of conjunction, and, as it were, conſpiring, or (if you will have it to expreſſed) 
actione communi (which action may ſometimes be ſucceſſive) are oftentimes aſcribed to the 
torm : as in a watch, moſt of the chief of the phenomena do fo depend upon the 
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concurrent action of the ſeveral parts, that few of them can be out of order, but that 
they will hinder thoſe phznomena to- be at all, or at leaſt to be well and regularly 
produced, | 


V. We and yet in a ſound ſenſe admit, that in Gone bodies there may be ſubordinate 
forms. 

WrarT I mean by a ſound ſenſe | in this oropoliion may be clearly collected from ſeve- 
ral paſſages of the paſt and remaining parts of this diſcourſe, where we carefully exclude 
thuſe ſenſes, in which we do not "allow the received doctrine of ſubordinate forme. 


| Wherefore, having met with a couple of plauſible objections ſtarted fince the death of 


Sennertus, againſt the admitting them at all, we ſhall here briefly examine them, not 
only to make them appear not to be cogent, but becaule ſome of our anſwers may ſerve 
for reaſons why we admit the forms diſputed of. 

Tus ficſt argument we are to conſider, is, that a body can have but one form, being 
but one body. 


Bur though to this I might frame an anſwer from the looſe and indeterminate ſignifi 


cation of the word form, yet it may be directly replied, that though a body can have 


but one total and adequate form, yet nothing hinders but that its parts may have their 
partial forms ſubordinate to that: as the ſteel-ſpring and the braſs-wheels of a watch may 
retain their diſtinct metalline forms though the watch they compoſe be but one. And it 
is not wholly to be pretermitted on this occaſion, that among the ſchoolmen themſelves 
there has long been a conſiderable party who aſſerted with many of the ancients, that in 
compounded bodies the elements retained their reſpective forms notwithſtanding the new 
torm that belonged to the mixed body as ſuch. 

SECONDLY, it is objected againſt the ſupervening of a higher form, that a body being 
already complete in its own kind by its own form, no other form can accrue to it without 
making that which they call Zns per accidens, 

To this I anſwer, that the notion of an Exs per accidens belongs rather to metaphy ſicks 
than natural philoſophy z and in what its eſſence conſiſts, is ſtill ſo hotly d iſputed among 
the moderns, that till the buſineſs be agreed on, or at leaſt more clearly ſtated, an argu» 
ment drawn from thence will not much preſs us. And. indeed when I conſider that the 
ichools themſelves are fain to allow the ſoul and the body, that is, an immaterial ſub- 
ſtance and a corporeal, to make up a man, who according to them is unum per ſe, and 
not per accidens, and that the ſame ſchools ſcruple not to teach, that the rational ſoul, 
which is a ſubſtance, and the underſtanding and will, which are ſaid to be its faculties, 
and ſo its accidents, to make unum per ſe; I cannot but think, that, by a parity of 


reaion, that name, predicate, or qualification, may well be taken | in as large a ſenſe as 


is requiſite for our purpoſe. And indeed if the parts of a body, whether merely natural 
or factitious, be by their union or conjunction brought to become the principle of a pro- 
perty or operation, which belongs to neither of them ſingle; I ſee not why ſuch a body 
may not pals for unum per ſe, as well as divers bodies that are wont to be looked upon 
under that notion. But to proceed to our further anſwer, not here to urge that a whole 
{ect of the Peripateticks themſelves maintained (as we newly noted) the forms of the ele- 
ments to remain in the mixed body, which notwithſtanding they hold to be very conſiſtent 
with the unity or oneneſs of that compounded body, it may be anſwered further, that 
though a body by its on form be complete in its own kind, yet it may be ſuch, as to 
be capable of being advanced to a nobler ſtate by an acceſſion that ſhall not ruin its 
former nature, but enable it to cooperate to nobler actions than its former could reach 
to. As when a ſpring is made part of a watch, it does thereby, without loſing the 
nature of a ſpring, mainly contribute to the nobleſt phænomena of ſo curious an — 
and 
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and the ingredients of gun- powder, by the ſuperinduclion of the form or new contex- 
rure they acquire by being compounded into that concrete, are each of them enabled to 


cooperate to the performance of things far exceeding the utmoſt it could do before. 


Nor will it follow from this ſuperinduction of forms, that there may be a form of a 
form as well as of matter, but only” that to a body that has already a form, an ulterior 
form may ſupervene, wherein we ſee no abſurdity. But of this point more elſewhere ; 
only in this place it will not be amiſs to take notice, that in our propoſition we thought 
to employ the words, ſome bodies, and, may be, becauſe that though in living creatures 
we may often meet with ſubordinate forms either properly or leſs improperly ſo called, 
yet that in bodies inanimate this happens not ſo often, you will be induced to think by 
what you will find ſaid upon the laſt propoſition of this diſcourſe. 

VI. THe ſupervening of the new form is often but accidental to the præexiſtent form, 
and (then) does not at all deſtroy its nature, but modify its operations. 

Fox illuſtration ſake, let us conſider a needle that is not yet touched by a loadſtone : 
this needle has its own form as a piece of ſteel, as well as its figuration as a needle ; 
but when afterwards it comes to be excited by the loadſtone, there are then new and 
wonderful properties fuperinduced, and this needle is able to point regularly north and 
ſouth, and attract other needles, and communicate a verticity to them, and is fit for 
much nobler uſes than it was before. And this new modification does ſo regulate its 
motions, that whereas before it was indifferent, if it were nicely poiſed, to reſt at eaſt 
and weſt, or at any other point of the compals, it is now determined to keep moving 
till it points north and ſouth, and to reſt in that poſition. And yet by drawing this 
magnetick needle after a certain manner upon the pole of a vigorous loadſtone, you may 
in a trice deprive it of all its acceſſional faculties; notwithſtanding which it will remain 
as true a ſteel-needle as it was firſt. | 

Ap perhaps we ſhall need to add but a little reffection on the formerly mentioned 
inſtance of the ſpring of a watch, to declare intelligibly what it is, that tne ſtructure or 
modification, whence the forma ſotius according to us reſults, does to a body endowed 
already with its own form. For as the ſpring, though it retains its own nature, and acts 
according to it, yet by the contrivance of the watch, it is not only fo pent in, that it 
cannot fly out to its full extent as elſe it would, but by the ſame contrivance has its 
inceſſant endeavour to ſtretch itſelf ſo moderated and managed by the wheels and balance, 
that it mainly concurs to ſet ail the other parts a moving, and perform what is done by 
a watch, as ſuch : ſo in natural bodies, that which is pzrtormed by the ſupervening of a 


higher and total form is, that by virtue of the connection and ſtructure of the parts 


introduced with this new form, the action of the particular parts, though they retain 
their own partial forms, and act as far as they can, according to them, is fo maſtered or 
otherwiſe modified, that they are brought to concur to thoſe things that are done by 
the whole body as one agent, and become ſubſervient to the. operations that are proper 
to the body in its new and ultimate capacity. So when a piece of lead is without addition 
vityfied by the mere action of the fire, this happens to the body upon its acquiring the 
form of glaſs; that whereas before the metalline particles were fo ineonveniently ſituated, 
and perhaps ſhaded, that they denied paſſage to the beams of light, and by reaton of 
their contexture compoſed a body that was very flexible, they become now to be fo ranged 
and otherwiſe altered, that they freely admit the light to. traverſe them, but admit not of 
being freely bent as before. And when ſalt-petre, by the addition of a imail proportion 
of br:mſtone and coal, is made into gun-powder, this accrues to it from 1is acquired 
modification, that if a little fire fall on it, it will not, as before, leiſurely conume, and 
leave behind it a conſiderable portion of the whole body (perhaps a third Part or more) 

in 
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in the form of a fixed or alkalizate ſalt, but will fly away all at once, and leave little or 


nothing behind it. | ' ] 
VII. Bespes the ſpecifick actions of a body that harbours ſubordinate forms, there 


may be divers others, wherein ſome of the parts or ingredients may act according to 


their particular and priſtine nature. | 
Tais might be well enough gathered from what we lately delivered, when we ſhewed 


that the total and ſpecifick form has not ſuch a dominion over the partial and ſubordinate 


ones, as the patrons of theſe forms have imagined. For though, by virtue of the mo- 
dification of the whole, the operations of the parts or ingredients are ſo compounded 


.and guided, and in ſome caſes, as it were, over-ruled, as to concur to thoſe operations 
that belonged to the totum as ſuch, and are requiſite to be performed aFione communi. 


yet in other reſpects, and as to other purpoſes, as it is not neceſſary that ſuch bodies as 
we ſpeak of ſhould have their parts entirely under the dominion of the ultimate form 
(that is ſubſervient only to the operations and uſes of the tetum, as ſuch) ; ſo thoſe parts 


may in ſuch caſes act according to their diſtin and particular qualifications. This 


anſwer, I ſay, may be deduced from what has been above delivered; but I chuſe rather 
to clear the matter by two or three particular inſtances, which may ſhew that the ſame 
may happen to ſeveral bodies that is manifeſt in a watch, where, though the form of the 
engine do in many things ,make the ſpring and other parts concur to perform the opera- 
tions proper to ſuch an engine, yet the wheels may look bright and yellow, the ſpring 
may move a magnetick needle freely placed, and other parts may do other things, not 


by virtue of the form of the watch, but by virtue of their own qualities. An example 


to this purpoſe may be afforded, by what I remember 1 have not long ſince mentioned 
concerning gun-powder., To which I ſhall now add, that whereas in pills and divers 
other medicines made up of ſeveral: ingredients, the compoſitum has, if the phy ſician do 
his part well, ſome reſulting virtues diſtin& from thoſe of the ingredients, and belonging 
to the compefitum as ſuch z it may oftentimes happen, that notwithſtanding the emergent 
form of the compounded medicine, ſome particular ingredient may not only retain. its 
former nature, but ſo retain it, that the compoſitum is endowed with that quality only 
upon the ſcore of that ingredient. This I have divers times obſerved in certain, pills 
wherein good ambergreaſe, being mingled with fome purgative ingredients, retained its 


own grateful ſmell, and communicated it to the whole maſs whereof the pills are made: 


and the moſt ſort of purging pills in our apothecaries ſhops taſte ſtrong of the aloes, 
whatever the other ingredients be, And a further inſtance (and that a conſiderable one) 
we may take from treacle that hath not been too long kept. For though it be acknow- 
ledged that opium works by a ſpecifick, and, as they call it, occult quality, and though 
it be in ¶ Venice) treacle blended with above threeſcore other ingredients, moſt of which 
enter that famous compoſition in far greater quantity than does the opium; yet in ſpite 


of the forma compaſiti, which ſo elaborate a mixture produces, and to which ſuch great 
peculiar virtucs are aſcribed by Peripatetick as well as other phyſicians, yet it is noted 


by many, that before treacle grows old it manifeſtly derives an opiate quality from the 
little opium admitted in it, and upon that account is a potent remedy. in fluxes, and 
divers other diſtempers where quicting medicines are proper. A no leſs evident example 
ro our purpoſe we have in the precipitate of gold and mercury made by heat alone. 
For though by virtue of the union of the ingredients the reſulting powder may have 
divers qualities, as part.cularly, a red colour, which neither the gold nor the quickſilver 
had apart; yet the ſalivating faculty, which this precipitate uſually, though not always, 
exerciics, thougit it be reckoned among occult qualities, as not having by any been 


deduced from the firſt or ſecond, yet it belongs to this medicine barely upon the account 
of 
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of the mercurial ingredient ; the gold, without that, having no ſuch faculty, and mer- 
cury alone without gold being ſufficient (by more ways than one of application) to cauſe 
a flux of ſpittle. : : : 


VIII. In divers bodies that which is called or looked upon as the ſpecifick form, is 


often not ſo much as the preſiding; but only the eminenteſt. 

To make out this, we may take notice of the following particulars. 1ſt, We obſerved 
above, that the word form has not a ſettled and determinate ſignification, but it is 
employed arbitrarily enough; ſo that divers bodies, to whom particular forms are uſed 
to be aſſigned, deſerve not that privilege better than many other, in which (perhaps 
for want of men's- having particularly conſidered them) they are not wont to conſider 
any pecuhar and diſtinct form. 2dly, We have alſo elſewhere ſhown that the forms of 


inanimate bodies (which we here ſpeak of) ate wont to be but reſpective things reſulting 


from the co-exiſtence of ſuch corpuſcles or parts after ſuch a determinate manner. gdly, 


It may likewiſe be remembered, what we have already noted, that it is uſually from 


ſome particular reſpect, or for a fitneſs to ſome particular uſe, that men aſcribe this or 


that form to this or that body; as we exemplified in oils, ſalt, &c. as well as in watches, 


burning-glaſſes, and the like. à4thly, To theſe things it will be agreeable, that the nature 


and fabrick of a body may be ſuch, that it may have a manifold ſtructure (if I may ſo- 


ſpeak) anſwerable to more than one of thoſe reſpects, on whole ſcore bodies are deno- 
minated, or may be fit for more than one of thoſe uſes; an aptitude for which, when 
it is found ſingle in another body, is ſufficient to make it be referred to this or that dil- 
tinct kind or claſſis of things corporeal. I cannot in few words expreſs this notion more 
clearly, and therefore ſhall illuſtrate it by the example of aatimonial glaſs: for one that 
would make beads or microſcopes with it would readily find in it fuſibleneſs and tranſ- 


parency; which, when they are found in common glaſs or vitrum Saturni, are enough 


to refer them to that ſort of bodies that are comprehended under the name of glaſs. 


But beſides this combination, or (if many convene) this conjugation of qualities, or (to 


expreſs it in one word) beſides this modification, the body we ſpeak of has another, 
upon whoſe account it is yet to work upwards and downwards in a human body; upon 
which ſcore, as the artificer conſiders it only as glaſs. ſo the chymiſt and phyſician look 
upon it as a medicine. zthly, Nor is it neceſſary that theſe conjugations of qualities, 
or (theſe) modifications, ſhould have a ſtrict dependency upon one another; as for 


inſtance, the emetick and cathartick properties of the antimonial glaſs belong not to it 


as glaſs, or (if you pleaſe) do not flow immediately from the form it hath of glaſs; for 


neither has common glaſs, nor (that we know of) glaſs of lead any ſuch properties, nor 


is it neceſſary, that if this very portion of matter had not the form of glaſs, it ſhould 
want or loſe theſe properties; for the calx of antimony, before its .viirification, had 


them; and you may, even without addition, obtain from this glaſs a regulus, that is 
not, like glaſs, tranfparent, but looks like a metalline body, under which form it may 


yet preſerve the virtues of the calcined antimony, Gthly, To theſe things it will alſo 
be congruous, that ſince, as was ſaid above, the noblenets or ignobleneis of forms is not 
ealy to be d:cided, and is wont to be meaſured by men, by the greater or leſſer uſe, that 


the eftimared body affords them, one man may in the ſume body look upon one kind of 


modification, and another upon a quite differing one, as the higheſt form of that body. 


As in the lately mentioned example of the melted calx of antimony, an artiſicer may 


think its nobleſt form to be that of- glaſs, and a chymiſt or a phyſician that of antimony. 
And ſo if an ordinary watch, that ſhows only the hours and their quarters, being hung 
at a firing, were made to ſwing as a pendulum, to an aſtronomer or fore other that 
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becauſe, as that, it may divide a minute into ſeconds, and a ſecond itſelf into half or 
fourth parts; but for other men, who, though they need an inſtrument to meaſure 
time, need not ſuch minute ſubdiviſions of it, the little engine we ſpeak of will be 
much more uſeful and conſiderable in the capacity of a watch than of a pendulum, 
athly, From all which particulars it will be reaſonable to collect, that it may often ha 
pen in inanimate bodies, whether confeſſedly natural, or ſuch as are called factitious, 
that that which is looked upon as the ultimate, or at leaſt the chief form, is not the 
preſiding, but only the eminenteſt : by which I mean, not» ſimply the nobleſt (for that 
were hard to determine, and according to men's eſtimate would not be always true) but 
that, which in that body is at leaſt for the time the moſt conſidered ; or, if that expreſ- 
ſion will pleaſe better, we may ſay that ſometimes the moſt regarded form is not fo 
much the predomjnating as the denominating form. | 

IX. Tus lately mentioned forms ſeem to be rather concurrent than ſubordinate. 

Tris, as I was ſaying, follows well enough from what has been freſhly diſcourſed. 
For if a body may have divers ſuch conjugations of accidents or modifications, as ma 
intitle it in differing reſpects to differing forms, and that form, which is conſidered as 
the eminenteſt, be not a prefiding form, nor ſo much as always the nobleſt; what will 
remain but that theſe forms (for I have granted above that ſome bodies may have ſub- 
ordinate ones) that happen to coexilt in the ſame body, be more fatly termed concurrent 
or coincident than ſubordinate ? 

Arp indeed, though I cannot now ſtay to examine how far what I ſhall ſay may be 
applied to bodies in general, I confeſs that, as to inanimate bodies, this dominion and 
ſubjection, that is imagined between forms, ſeems to me, at leaſt in many caſes, neither 
well eſtabliſhed, nor eaſy to be well explicated. And I doubt that ſometimes we miſ- 
take names for things; and becauſe when a body, by the action of proper agents, obtains 
ſuch a modification as fits it for ſuch and ſuch actions and uſes, we are wont to call it 
by ſuch a name, and attribute a form to it, we are prone to conclude that the faculties . 
and qualifications it enjoys, and the things it is able ro perform, are due to this form 
we have aſfgned it; as if this form were ſome diſtinct and operative ſubſtance that were 
put into the body as a boy into a pageant, and did really begin, and guide, and over. 
rule the motions and actions of the compeſitum, Whereas indeed what we call the form, 
if it be not ſometimes little mote than one of thoſe airy things that ſchools call an exter- 
nal denomination, ſeems oftentimes to be rather a metaphy ſical conception in our mind 
than a phyſical agent that performs all things in the body it is a{cribed to: as when a 
conveniently ſhaped piece of ſteel is, by having a due temper given it, turned into the 
ſpring of a watch, not oaly the motions of the watch, though proceeding from this 
ſpring, proceed not from the form of the iron (for a ſpring made of another elaſtical .. 
body, though it would not be ſo convenient, might {et a watch a moving) but, which 
is here the main obſervable, the ſpringineſs itſelf flows not immediately from the form 
(for ſteel is not lefs-ſteel, when it is not ſpringy than when it is) but from the mecha- 
nical and adventitious texture that is ſuperinduced in the metal, and may be given it 
by ſeveral outward agents, as the fire, the hammer, &c. And it is ſo far from being 
evident, that in bodies inanimate and compounded the eminenteſt and moſt conſidered 
form muſt have a dominion over, and an efficacy in all operations and actions of the 
ccmpeſitum, that even in bodies not fo compounded it is not always neceſſary that the 
ſpccifick form ſhould have ſo much as a conturrent ſtroke in what is performed; for 
external agents may introduce ſuch qualities into the body we ſpeak of, as, being once 
there, will ſuſfice for actions and productions ſuitable to their own nature, whether the 
form be active in aſſiſting them or no. We ſee that boiling water taken off the fire 


will 
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will raiſe bliſters on one's hands, and dreſs meat, and perform other things wont to be 


the effects of the fire, only by virtue of the adventitious heat it has received, though, 
according to the Peripateticks, the form of water, which is an element naturally cold as 


well as moiſt, ought rather to oppoſe than further the action of the preternatural heat. 


Another example to the ſame purpoſe may be given in the operations of a heated iron 
taken from the fire (nay, though that be quite put out) to which divers. other inſtances 
might be added. I know it may be pretended in favour of the ſchools, that it is the 
fire that was got in, and yet remains in the iron, that was the cauſe of theſe effects. 
But beſides that this ſubterfuge would involve the makers in very perplexing difficulties, 
I will, to prevent the allegation, put a caſe, where it cannot be pretended, by ſuppoſing 
the iron to be heated not by the fire, but by forcible ſtrokes between a hammer and an 
anvil, both of them actually cold. When a piece of ſilver is, by being hammered or 
drawn into wire, made to be a ſpringy body, it will be able to act many things by that 
acquired elaſticity, which do not at all flow from the form peculiar to the metal. For 
not only copper, ſteel, and many other bodies may be made ſpringy too; but, if you 
heat it in the fire the goldſmith will aſſure you that it is as true and as good ſilver as 
before, and yet it will ceaſe to be a ſpring. And ſo when a ſmith makes a file, by 
making in it many little impreſſions acroſs one another, and afterwards hardening the 
ſteel, by virtue of this roughneſs which is given it by external agents, it acquires a 
durable aſperity, upon whoſe account it is qualified to perform many and conſiderable 
things, whereto the form of the metal as ſuch does not, that appears, concur. And 
though the hardneſs contribute to the making a good file, yet not only the iron was as 
true and perfect iron before it became rough, as afterwards ; but even that degree of 
hardneſs, which qualifies our inſtrument to be a good file, flows not immedately 
from the form of the metal, for that was true iron, when it was ſoft, and its eminent 
degree of hardneſs was (as I freſhly intimated) given it by the temper it received from 
the ſmith, I could eaſily increaſe the number of theſe inſtances, if it were neceſſary; 
and I ſhould here add ſome examples to ſhew, that even in occult qualities, which are 
ſo generally preſumed to flow from the ſpecifick form of a body, it is not always neceſ- 
ſary that this form ſhould have any great intereſt (or perhaps any at all) in the opera- 
tions; but that the matter need but be duly excited and diſpoſed by outward agents to 
be enabled to perform them; this, I ſay, I ſhould here make probable, were it not 
that ſuch inſtances do more properly belong to our notes about particular, and eſpecially 
about occult qualities. 

Bur that I may at length conclude this diſcourſe, I ſhall now in the cloſe, as I have 
done in ſome of the paſſages of it, complain that the uncertain ſignification and uſe of 
terms, wont to be employed about the points I have been handling, are apt to occaſion 
much darkneſs and difficulty in our inquiries into the things themſelves; and I am apt 
to think that if the meaning of the words form, life, ſoul, animal, vegetative, and ſome 
few other terms, were clearly defined and agreed on, a great part of the perplexing con- 
troverſies that are agitated about ſubordinate forms, and points relating unto them, 
would appear to be diſputes about words or terms. And I am not ſure but that ſome 
par ts of the paſſed diicourſe would not be looked upon as of the ſame kind too, not 
out of choice, but a Heceſſity impoſed upon me, by the nature of my deſign, that 1 
was drawn to meddle with any controverſy that I think may hereafter look like a verbal 
one; ſo if J have not miſſed my aim, I have both diſcovered ſome errors and Gei- 
ciencies in the received doctrine I took upon me to conſider, and contributed ſome- 
thing towards the future eſtabliſhing of a clearer, as well as truer theory about theſe 
matters. 
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HIS was imparted in a letter, as follows: The time of the year invites me to inti- 
mate to you, that among the other uſes of the experiment I long fince preſented 
the ſociety of preſerving whelps taken out of the dam's womb, and other fætuſes, or 
parts of them, in ſpirit of wine; I remember I did, when I was ſolicitous to obſerve the 
proceſs of nature in the formation of a chick, open hen's eggs, ſome at ſuch a day, and 
ſome at other days after the beginning of the incubation ; and carefully taking out the 
embryos, embalmed each of them in a diſtinct glaſs (which is wont to be carefully ſtopt) 
in ſpirit of wine; which I did, that ſo I might have them in readineſs to make on 
them, at any time, the obſervations I thought them capable of affording ; and to let 
my friends at other ſeaſons of the year ſee, both the differing appearances of the chick 
at the third, fourth, ſeventh, fourteenth, or other days, after the eggs had been fat ons.” 
and (eſpecially) ſome particulars not obvious in chickens that go about; as the hang- 
ing of the guts out of the abdomen, &c. How long the tender embryo of the chick 
ſoon after the punFum ſaliens is diſcoverable, and whilſt the body ſeems but a little 
organized gelly, and ſome while after- that, will be this way preſerved, - without being 
too much ſhrivelled up, I was hindered by ſome miſchances to ſatisfy myſelf : but when 
the foetuſes I took out were ſo perfectly formed as they were wont to be about the 
ſeventh day, and after, .they ſo well retained their ſhape and bulk, as to make me not 
repent of my curioſity; and ſome of thoſe, which I did very early this ſpring, I can 
yet ſhew you. I know | have mentioned to you, an eaſy application of what I, ſome 
years ſince, made publick enough; but not finding it to have been yet made by any 
other, and being perſuaded by experience, that it may be extended to other fœtuſes, 
which this ſeaſon (the ſpring) is time to make proviſion of, I think the advertiſement 
will not ſeem unſeaſonable to ſome of our friends; though being now in hafte, and hav- 
ing, in my thoughts divers particulars relating to this way of preſerving birds taken our 
of the egg, and other ſmall fœtuſes, I muſt content myſelf to have mentioned that 
which is eſſential, leaving divers other things, which a little practice may teach the 
curious, unmentioned. Notwithſtanding which, I muſt not omit theſe two circum- 
ſtances ; the one, that when the chick was grown big, before I took it out of the egg, 
1 have (but not conſtantly) mingled with the ſpirit of wine a little ſpirit of ſal armoniac, 
a made 


- 


An Account of a new kind of Baroſcope, &c. 


made (as I have “ elſewhere delivered) by the help of quick lime: which ſpirit I chuſe, 
becauſe, though it abounds in a ſalt not four, but urinous, yet I never obſerved it 
(how ſtrong ſoever I made it) to coagulate ſpirit of wine. The other circumſtance is, 
that I uſually found it convenient to let the little animals I meant to embalm lie for a 
little while in ordinary ſpirit of wine, to waſh off the looſer filth that is wont to adhere 
to the chick, when taken out of the egg; and then, having put either the ſame kind 
of ſpirit or better upon the ſame bird, I ſuffered it to ſoak ſome hours (perhaps ſome 
days, pro re nata) therein, that the liquor, having drawn, as it were, what tincture it 
could, the foetus being removed into more pure and well dephlegmed ſpirit of wine, 
might not diſcolour it, but leave almoſt as limpid, as before it was put in, 
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An Account of a new kind of BAROScOPE, which 
may be called STATICAL; and of ſome Advan- 
tages and Conveniences it hath above the MERC U- 
RIAL. 


eg 


Firſt printed in the Pbilyophical Tranſa&ions, No. XIV. p. 256. 
For Monday, July 2, 1666. 


S for the new kind of baroſcopes, which, not long ago Þ I intimated to you, that 
my haſte would not permit me to give you an account of; ſince your x-tters 
acquaint me that you ſtill deſign a communicating to the curious as much information 
as may be, in reference to baroſcopes, I ſhall venture to ſend you ſome account of 
what I did but name (in my former letter) to you. | 
Tnovon by a paſſage. you may meet with in the 19th and 2oth pages of my ther- 
mometrical experiments and thoughts you may find that I did ſome years ago think upon 
this new kind of baroſcope ; yet the changes of the atmoſphere's weight not happening 
to be then ſuch as I wiſhed, and being unwilling to deprive myſelf of all other uſe of the 
exacteſt balance Þ that I or perhaps any man ever had, I confeſs to you that ſucceſſive 
avocations put this attempt for two or three years out of my thoughts; till afterwards 
returning to a place, where I chanced to find two or three pair of ſcales I had left there, 
the ſight of them brought it into my mind; and though 1 were then unable to procure 


/ 


In the Uſefulneſs of Experimental Philoſophy. 
I See No. XI. p. 185. Phil. Tranſactions. | | 
1 The ſca/es here meant were before competent eye-witneſſes made to turn manifeſtly with the thou- 
ſandth part of a grain, 
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bodies formerly equiponderant. 3. That laying theſe two together, L conſidered that 


An Arcount of a new Kind of Baroſcope, 


exaCter, yet my deſire to make the experiment ſome amends for ſo long a neglect, put 
me upon conſidering, that if I provided a glaſs-bubhle, more than ordinary large and 
light, even ſuch balances, as thoſe might in ſome meaſure perform, what J had tried 
with the ſtrangtly nice ones above mentioned. 

I cavszD then to be blown at the flame of a lamp, ſome gla:s-bubbles, as large, thin, 
and light, as 1 could then procure ; and chuſiag among them one that ſeemed the leaft 


. unfir for my turn, I counterpoiſed it in a pair of ſcales, that would loſe their æquilibrium 


with about the 2oth part of a grain, and were ſuſpended at a frame. I placed both the 


balance and the frame by a good baroſcope, from whence 1 might learn the preſent weight 


of the a:moſphere. Then raving theſe inſtruments together; though the ſcales being 
no nicer than I have expreſſed, were not able to ſhew me all the variations ot the air's 
wcignt, that appeared in the mercurial baroſcope, yet they did what I expected, by ſhew- 
ing me variations no greater than altered the height of quick-filver half a quarter of an 
inch, aud perhaps much ſmaller than thoſe : nor did I doubt, that, if I had either ten- 
der ſcales, or the means of ſupplying the experiment with convenient accommodations, I 
ſhould have diſcerned far ſazaller alterations of the weight of the air, ſince I had the plea- 
fure to ſee the bubble ſometimes in an æquilibrium with the counterpoiſe; ſometimes, 
wh n the atmoſphere was high, preponderate ſo manifeſtly, that the ſcales being gently 
ſtirred, the cock would play altogether on that ſide at which the bubble was hung; 


and at other times (when the air was heavier) that which was at the firſt but the coun- 


terpoiſe, would preponderate, and, upon the motion of the balance, make the cock vi- 
brate altogether on its fide. And this would continue ſometimes many days together, 
if the air ſo long retained the ſame meaſure of gravity ; and then (upon other changes) 
the bubble would regain an equilibrium, or a preponderance : ſo that I had oftentimes. 


the ſatisfaction, by looking firſt upon the ſtatical baroſcope (as for diſtinction's ſake it 


may. be called) to foretel, whether in the mercurial baroſcope the liquor were high or 
low. Which obſervations, though they hold as well in winter, and ſeveral times in 


ſummer (for I was often abſent during that ſeaſon} as the ſpring, yet the frequency of 


their viciffitudes (which perhaps was but accidental) made them more pleaſant in the lat- 
ter of theſe ſeaſons. | 

So that the matter of fact having been made out by variety of repeated obſervations, 
and by ſometimes comparing of thoſe new baroſcopes together, I ſhall add ſome of 
theſe notes about this inſtrument which readily occur to my memory, reſerving the reſt 
to another opportunity. | . 

AnD firſt, if the ground on which I went in framing this baroſcope be demanded; 
the anſwer in ſhort may be; 1. That though the glats- bubble, and the metalline counter- 
poiſe, at the time, of their firſt being weighed, be in the air, wherein they both are 
weighed, exactly ok the ſame weight, yet they are nothing near of the ſame bulk ; the 
bubble, by reaſon of apacious cavity (which contains nothing but air, or- ſomething 
that weighs leis than air) being perhaps a hundred or two hundred times (for I have 
not con veniency to mealure them) bigger than the metalline counterpoiſe. 2. That ac- 
cording to a hyc: oftarical law / which you know l have lately had oecaſion to make out) if 
tw: bodies of equal gravity, but unt qual bulk, come to be weighed in another medium, 
they will be no longer equiponderant; but if the new medium be heavier, the greater 
body, as being lighter in ſpecie, will loſe more of its weight than the leſſer and more 
compact; but if the new medium be lighter than the firſt, then the bigger body will 
out-weigh the leſſer: and this diſparity, arifing from the change of mediums, will- be 
ſo much the greater, by how much the greater inequality of bulk there is between the 
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which may be called Statical. 


it would be all one, as to the effect to be produced, whether the bodies were weighed: 
in mediums of differing gravity, or in the fame medium, in caſe its (ſpecifick) gravity 
were conliderably altered; and conſequently, that ſince it appeared by the batoſcope 
that the weight of the air was ſometimes heavier and ſometimes lighter, the alterations 
of it, in point of gravity, from the weight ir was of at firſt counterpoiſing the bubble of 
ir, would unequally affect ſo large and hollow a body as the bubble, and ſo ſmall and 
denſe a one as a metalline weight: and when the air, by an increaſe of gravity, ſhould 
become a heavier medium than before, it wouid buoy up the glaſs more than the 
counterpoite ; and if it grew lighter than it was at firſt, would ſuffer the former to 
preponderate. (The illuſtrations and proof can ſcarce be added in a few words; but if it 
be deſired, I may, God permitting, ſend you them at my next leiſure). And though: 
our Engliſþ air be about a thouſand times lighter: than water, the difference in weight 
of ſo little air, as is but equal in bulk to a bubble, ſeemed to give ſmall hopes that it 
would be ſenſible upon a balance; yet by making the bubble very large and. light, I. 
ſuppoſed and found the event I have already related. 


SzconDLY, The hermetically ſealed glaſs-bubble l employed, was of the bigneſs of a 


| ſomewhat large orange, and weighed about 1 drachm and 10 grains. But I thought it 


very poſſible, if l had been better turniſhed with conveniences (wherein I afterwards found 
] was not miſtaken} to make among many, that mig'iit be expected to miſcarry, ſome. 


that might be preferable to this, either for capacity or lightneſs, or both ; eſpecially if 
care be taken, that they be not ſealed up whilſt they are too hot. For though one 


would think that it were advantageous to rarify and drive out the air as much as is poſ- 


ſible, becauſe in ſuch ſealed bubble the air itſelf (as I have eliewhere ſhewn) has a weight; 


yet this advantage countervails not the inconvenience of being ohliged to increaſe the 


weight of the glaſs, which when it includes highly rarified air, if it be not ſomewhat 


ſtrong, will be broken by the preſſure of the external air, as I have ſufficiently 


tried. | 


TrrrpLy, I would have tried whether the dryneſs and moiſture of the air would in 


any meaſure have altered the weight of the bubble, as well as the variation of gravity 
produced in the atmoſphere by other cauſes z; but the extraordinary conſtant abſence ot 
ſogs kept me from making obſervations of this kind; fave that one morning early, be- 
ing told of a miſt, I ſent to ſee (being myſelf in bed) whether it made the air ſo heavy 


as to buoy up the bubble; but did not learn that that miſt had any ſenſible operation 


on it. 


Fouxrhlx, By reaſon of the difficulties and caſualties that may happen about the 
procuring and preſerving ſuch large and light bubbles as I have been lately mentioning, 
it may in ſome caſes prove a convenience to be informed, that I have ſometimes, inſtead 
of one ſufficiently large bubble, made uſe of two that were ſmaller. And though a ſin- 
gle bubble of competent bigneſs be: much preferable, by reaſon that a far leſs quantity 
and weight of glaſs is requiſite to compriſe an equal capacity, when the glaſs is blown 
into a ſingle bubble, than when it is divided into two; yet I found that the imploying 


of two inſtead of one did not ſo ill anſwer my expectations, but that they may for a 


need ſerve the turn inſtead of the other ; than which: they are more eaſily. to be pro- 
cured. And if the balance be ſtrong enough to bear ſo much glaſs without being in- 
jured, by imploying two or a greater number of larger bubbles, the effect may be 
5 5 than if only a ſingle bubble (though a very good one) were im- 
ployed. 


Ius inſtrument may be improved by divers accommodations. Ag 
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An Account of a new Kind of Baroſcope, 


FirxsT, There may be fitted to the anſa (or cheeks of the balance) an arch (of a 
circle) divided into 15 or 20 degrees (more or leſs) according to the goodneſs of 
the balance) that the cock reſting over againſt thele diviſions, may readily and without 
calculation ſhew the quantity of the angle, by which, when the ſcales propend either 
way, the cock declines from the perpendicular, and the beam from its horizontal 
paralleliſm, | 

SECONDLY, Thoſe that will be ſo curious may, inſtead of the ordinary counterpoiſe 
(of braſs) imploy one of gold, or at leaſt of lead, whereof the latter being of 
equal weight with braſs, is much leſs in bulk, and the former amounts not to half its 
bigneſs. 

THrirRDLY, Theſe parts of the balance that may be made of copper or braſs, without 


any prejudice to the exactneſs, will, by being made one of thoſe metals, be leſs ſubject 
than ſteel (which yet, if well hardened and poliſhed, may laſt good a great while) to 


ruſt with long ſtanding. | 
FourTHLY, Inſtead of the ſcales, the bubble may be hung at one end of the beam, 
and only a counterpoiſe to it at the other, that the beam may not be burthened with un- 
neceſſary weight. : 

FirTHLY, The whole inſtrument, if placed in a ſmall frame, like a ſquare lanthorn 
with glaſs-windows, and a hole at the top for the commerce of the internal and external 
air, will be more free from duſt, and irregular agitations; to the Jatter of which it 
will otherwiſe be ſometimes incident. 

S1xTHLY, This inſtrument being accommodated with a light wheel and an index 


(ſuch as have been applied by the excellent Dr. Chriſtopher Wren to open weather- 


glaſſes, and by the ingenious Mr. Hook to baroſcopes) may be made to ſhew much more 
minute variations than otherwiſe. 

SeveNTHLY, And the length of the beam, and exquiſiteneſs of the balance, may 
eaſily, without any of the foregoing helps (and much more with them) make the in- 
ſtrument far exacter than any of thoſe I was reduced to imploy. And to theſe accom- 
modatiens divers others may be ſuggeſted, by a farther conſideration of the nature of 
the thing, and a longer practice, f | 

Tnovo in ſome reſpects this ſtatical baroſcope be inferior to the mercurial; yet in 


Others it has its own advantages and conveniences above it. n 


AnD, 1. It confirms ad oculum our former doctrine, tnat the falling or riſing of the 
mercury depends upon the varying weight of the atmoſphere ; ſince in this baroſcope it 
cannot be pretended, that a f#ga vacui, or funiculus, is the cauſe of the changes we 
obſerve. 2. It ſhews not only. that the air has weight, but a more conſiderable one, 
than ſome learned men, who will allow me to have proved, it has fome weight, will 
admit; ſince even the variation of weight in ſo ſmall a quantity of air, as is but equal in 
bulk to an orange, is manifeſtly diicoverable upon ſuch balances as are none of the 
niceſt, 3. This ſtatical baroſcope will oftentimes be more parable than the other: for 
many will find it more eaſy to procure a good pair of gold-ſcales, and a bubble or 
two, than a long cane ſealed, a quantity of quickſilver, and all the other requiſites of the 
mercurial baroſcope; eſpecially if we compriſe the trouble and ſkill that is requiſite to 
free the deſerted part of the tube from air. 4. And whereas the difficulty of removing 
the mercu. ial inſtrument has kept men from ſo much as attempting to do it, even to 
neighbouripg places; the eſſential parts of the ſcale-baroſcope (for the frame is none of 
them) may very eaſily in a little room be carried, whither one will, without the hazard 
of being ſpoiled or injured. 5. There is not in ſtatical baroſcopes, as in other, a dan- 
ger of uncertainty as to the goodnels of the inſtruments, by reaſon that in thoſe the air 

; IS, 


which may be called Statical. 


is, in ſome more, and in ſome leſs perfectly excluded; whereas in thoſe, that conſidera - 
tion has no place. (And by the way, I have ſometimes, upon this account, been able 
to diſcover by our new baroſcope, that an eſteemed mercurial one, to which I compared 
it, was not well freed from air); 6. It being, as 1 formerly intimated, very poſſible to 
diſcover hydroſtatically both the bigneſs of the bubble, and the contents of the cavity, 
and the weight and dimenſions of the glaſſy ſubſtance (which together with the included 
air make up the bubble) much may be diſcovered by this inſtrument, as to the weight 
of the air abſolute or reſpective. For, when the quickſilver in the mercurial baroſcope 
is either very high, or very low, or at a middle ſtation between its greateſt and leaſt 
height, bringing the ſcale-barometer to an exact #quilibrium (with very minute divi— 
ſions of a grain) you may, by watchfully obſerving, when the mercury is riſen or 
fallen juſt an inch, or a fourth, or half an inch; &c. and putting in the like minute 
diviſions of a grain to the lighter ſcale, till you have again brought the balance to an 
exquiſite equilibrium z you may, I ſay, determine what known weight in a ſtatical 
baroſcope anſwers ſuch determinate altitudes of the aſcending and deſcending quickſilver 
in the mercurial. And if the balance be accommodated with a divided arch, or a wheel 
and index, theſe obſervations will aſſiſt you for the future to determine readily, by ſee- 
ing the inclination of the cock or the degree marked by the index, what pollency the 
bubble hath, by the change of the atmoſphere's weight, acquired or loſt, Some obſer- 
rations of this nature I watchfully made, ſometimes putting in a 64, ſometimes a 32% 
ſometimes a 16**, and ſometimes heavier parts of a grain, to the lighter ſcale. But 


one that knew not for what uſes thoſe little papers were, coming to a window where 


my baroſcopes ſtood, ſo unluckily ſhook them out of the ſcales, and confounded: 
them, that he robbed me of the opportunity of making the nice obſervations I intended, 
though I had the ſatisfaction of ſeeing that they were to be made. 7. By this ſtatical 
inſtrument we may be aſſiſted to compare the mercunal baroſcopes of ſeveral places 
(though never ſo diſtant) and to make ſome eſtimates of the gravities of the air therein. 
As if, for inſtance, I have found by obſervation, that the bubble I imploy (and one 
may have divers bubbles of ſeveral ſizes, that the one may repair any miſchance that 
may happen to another) weighed juſt a drachm, when the mercurial cylinder was at 
the height of 294 inches (which in ſome places I have found a moderate altitude); and 
that the addition of the 16 part of a grain is requiſite to keep the bubble in an zqui- 
librium, when the mercury is riſen an 8b, or any determinate part of an inch above- 
the former ſtation : when I come to another place, where there is a mercurial barome- 
ter, as well freed from air as mine (for that muſt be ſuppoſed) if taking out of my ſcale 
inſtrument, it appear to weigh preciſely a drachm, and, the mercury in the baroſcope 
there ſtand at juſt 29 inches, we may conclude the gravity of the atmoiphere not to be 
ſenſibly unequal in both thoſe two places, though very diſtant. And though there be 
no baro cope there, yet if there be an additional weight, as for inſtance, the 16: part of 
a grain requiſite to be added to the bubble, to bring the ſcales to an æquilibrium, it will 
appear that the air at this ſecond place is, at that time, ſo much heavier than the air ot 
the former place was when the mercury ſtood at 294 inches. 

Bor in making ſuch compariſons we muſt not forget to conſider the fituation of the 
ſeveral places, if we mean to make eſtimates not only of the weight of the atmoſphere, 
but of the weight and denſity. of the air. For though the ſcales will ſhew (as has been 
Kid) whether there be a difference of weight in the atmoſphere at the two places; yet if 
one of them be in a vale or bottom, and the other on the top or ſome elevated part of a 
hill, it is not to be expected that. the atmoſphere in this latter place ſhould gravitate as. 

| | | much. 
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much as the atmoſphere in the former, on which a longer pillar of air does lean or 


9 


| Ft, | 
Aup the mention I have made of the differing ſituation of places, puts me in 


mind of ſomething that may prove another uſe of our ſtatical baroſcope, and which I had 


thoughts of making trial of, but was accidentally hindered from the opportunity of doing 
it; namely, that by exactly poiſing the bubble at the foot of a high ſteeple or hill, 
and carrying it in its cloſe frame to the top, one may, by the weight requiſite to be 
added to counterpoiſe there, to bring the beam to its horizontal poſicion, obſerve the 
difference of the weight of the air at the bottom, and at the top; and in caſe the hill be 
high enough at ſome intermediate ſtations. But how far this may aſſiſt men to eſtimate 
the abſolute or comparative height of mountains, and other elevated places; and what 
other uſes the inſtrument may be put to when it is duly improved; and the cautions 


that may be requiſite in the ſeveral caſes that ſhall be propoſed, I muſt leave to more 
leiſure and farther conſideration, | 7 
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How a conſiderable degree of CoLD may be ſuddenly | 
produced without the help of SN ow, Ick, Hair, 


WiND, or NITRE, and that at any time of the 
year. | 


Firſt printed in the Philoſophical Tranſaftions, No. XV. p. 255. 


For Wedneſday, July 18, 1666. 


S for the experiment you ſaw the other day at my lodgings, though it belongs to 


I ſome papers about cold, that (you know) could not be publiſhed when the reſt of 


the hiſtory came forth, and therefore was reſerved for the next edition of that book ; yet 
the weather having been of late very hot, and threatening to continue ſo, I preſume, that 
to give you here, in compliance with your curiofity, an account of the main and 
practical part of the expeciment, may enable you to gratify not only the curious among 
your friends, but thoſe of the delicate, that are content to purchaſe a coolneſs of drinks 
at a ſomewhat chargeable rate. | 5 


You 


A new Frigorsfick Experiment. : 


You may remember that the ſpring before the laſt, I ſhewed you a particular account 
of a-way wherein, by a certain ſubſtance obtained from fal armoniac, I could preſently 
uce a conſiderable degree of cold, and that with odd circumſtances, without the 
elp of .ſnow, ice, nitre, &c. But that experiment being difficult and coſtly enough, 
and deſigned to afford men information, not accommodations, I afcerwards tried what 
ſome more cheap and facile mixtures of likely bodies with ſal armoniac would do 
towards the production of cold, and afterwards I began to conſider, whether to that 
purpoſe alone (for my firſt experiment was deſigned to exhibit other phænomena too) 


thoſe mixtures might not without inconvenience be omitted. And I was much confirmed 


in my conjecture by an accident which was caſually related to me by a very ingenious 
phyſician of my acquaintance, but not to be repeared to you in a few words, though he 
complained, he knew not what to Er of it. 

Aon the ſeveral ways by which I have made infrigidating mixtures with ſal armo- 
niac, the moſt ſimple and facile is this: take one pound of powdered ſal armoniac and 
about three pints (or pounds) of water; put the ſalt into the liquor, either all together, 
if your deſign be to produce ay intenſe, though but a ſhort coldneſs; or at two, three, or 
four ſeveral times, if you deſire that the produced coldneſs ſhould rather laſt ſomewhat 
longer than be ſo great. Stir the powder in the liquor with a ſtick or whalebone (or ſome 
other thing that will not be injured by the fretting brine that will be made) to haſten 
the diſſolution of the ſalt, upon the quickneſs of which depends very much the inten- 
ſity of the cold, that will enſue upon this experiment. For the clearing up whereof, [ 
ſhall annex the following particulars. ; 

1. THAT a conſiderable degree of cold is really produced by this operation, is very 
evident: Firſt, to the touch; Secondly, by this, that if you make the experiment (as 
for this reaſon I ſometimes chuſe to do) in a glaſs-body or a tankard, you may obſerve, 
that whilſt the ſolution of the ſalt is making, the outſide of the metalline veſſel will, as 
high as the mixture reaches within, be bedewed (if I may fo ſpeak) with a multitude of 
| little drops of water, as I have + elſewhere ſhown, that it happens when mixtures of 
ſnow and ſalt being put into glaſſes or other veſſels, the aqueous vapours that ſwim to 
and fro in the air, and chance to glide along the ſides of the veſſels, are by the coldneſs 


thereof condenſed into water. And in our armoniac ſolution you may obſerve, that if 


you wipe off the dew from any particular part of the outſide of rhe veſſel, whilſt the ſo- 
| lution does yet vigorouſly go on, it will quickly collect freſh dew, which may be ſome- 
times copious enough to run down the ſides of the veſſel. But thirdly, the beſt and 
ſureſt way of finding out the coldneſs of our mixture is that which I ſhewed you, by 
plunging into it a good ſealed weather-glaſs furniſhed with tinted ſpirit of wine; for 
the ball of this being put into our frigorifick mixture, the crimſon liquor will nimbly 
enough deſcend much, lower than when it was kept in the open air, in common water, of 
the ſame temper with that wherein the ſal armoniac was put to diſſolve. And if you 
remove the glaſs out of the mixture into common water, the tinted ipirit will (as you 
may remember it did) haſtily enough re-aſcend for a pretty while, according to the 
greater or leſſer time that it continued in the armoniac ſolution. And this has ſucceeded 
with me, when inſtead of removing the mixture into common water, 1 removed it 
into water newly impregnated with ſalt- petre. | | 
Taz duration of the cold produced by this experiment depends upon ſeveral circum- 
ſtances; as, firſt, upon the ſcaſon of the year, and preſent temperature of the air; for in 
lummer and hot weather the cold will ſooner decay and expire. Secondly, upon the quan- 
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tity of the ſalt and water; for, if both theſe be great, the effect will be as well more 


— laſting, as more conſiderable. Thirdly, for aught I. yet know, we may: here;add the 


goodneſs and fitneſs of the particular parcel of ſalt that is imployed : for though it be 
hard to diſcern beforehand, which will be the more, and which the leſs proper; yet ſome 
trials have tempted me to ſuſpect that there may be a conſiderable diſparity, as to their 
fitneſs to. produce cold, betwixt parcels of falt, that are without ſcruple looked upon as 

fal armoniac; of which difference it were not perhaps very difficult to aſſign probable 
reaſons from the nature of the ingredients of this compound concrete, and the ways of 
preparing it. But the duration of the cold may be conceived to depend allo, . fourth- 
ly, upon the way of. putting the ſalt into the water; for if you caſt it in all at once, 
the water will ſooner acquire an intenſe degree of coldneſs, but it will alſo the ſoonet re- 
turn to its former temper; whereas, if you. deſire but an inferiour degree of quality, 
but that may laſt. longer (which will uſually. be the moſt: convenient for the cooling of 
drinks) then you may put in the ſalt by little and little. For keeping a long weather- 
glaſs for a good while in out impregnated mixture, E often purpoſely tried, that, when 
the tincted liquor ſubſided but ſlowly, or was at a, ſtand, by putting in from time to 
time two or three ſpoonfuls of freſh ſale, and ſtirring the water to quicken the diſſolu- 
tion, the ſpirit of wine would begin again to-deſcend, if it were. at a ſtand, or riſing, 
or ſubſide much more ſwiftly. than it did before. And.if you would lengthen. the ex- 


periment, it may not be amiſs, that part of the {a} armoniac be but groſly beaten, : that 
it may be the longer in diſſolving, and conſequently in cooling the water. Whilſt 


there are dewy drops produced on the outſide of the veſſcl, it is a ſign that the cold 
within continues pretty ſtrong z for when it ceaſes, theſe drops, eſpecially in warm wea- 
ther, will by degrees.vaniſh, But a ſurer way of meaſuring the duration of the cold is; 
by removing from time to time the ſealed. weather. glaſs out of the ſaline mixture into the 
tame common water, with part of which it was made. And though it be not eaſy to 
determine any thing particularly about this matter, yet it may ſomewhat aſſiſt you in 
your eſtimates, to be informed, that I have in the ſpring by a good weather-glaſs found 
a ſenſible adventitious cold, made by a pound of ſal armoniac at the utmoſt, ro laſt about 
two or three hours. 1 $ene 1 b 2 Fun 

3. To cool drinks with this mixture, you may put them in thin glaſſes, the thinner 
the better; which (their orifices being ſtopped, and ſtill: kept above the mixture) may 
be moved to and fro in it, and then be immediately poured out to be drunk: though 
when the glaſs I imployed was-conveniently ſhaped, as like a ſugar-loaf, or with a long 
neck, I found it not amiſs to drink it out of that, without pouring it into any, other; 
which can ſcarce be done without leſſening the coldneſs. . The refrigeration, if the 
glaſs-phial be convenient, is quickly. performed: and if one have a mind to cool his 
hands, he may readily do it by applying them to the outſide of the veſſe] that contains 
the refrigerating mixture; by whole help, pieces of cryſtal; or bullets for the cooling 
of the mouths or hands of thoſe patients, to whom. it may be allowed, may be potently 
cooled, and other ſuch refreſhments may be eaſily procured. e 

4. How far ſal armoniac, mingled with ſand or earth, and not diſſolved, but only 
moiſtened with a little water ſprinkled on it, will keep, bottles of wine or other liquors 
more cool than the earth or than ſand alone will do, I-have: not yet had opportu- 
nity by ſufficient trials fully to ſatisfy , myſelf, and therefore. reſign that inquiry to the 
Curious. MM 

5. Fox the cooling of air, and liquors, to adjuſt weather-glaſſes, to be able to do 
which, at all times of the year, was one of the chief aims that made me bethink my- 
ſelf of this experiment; or to give a ſmall quantity of beer, Sc. a moderate degree N 5 
5 N 
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coolneſs, it will not be requiſite to imploy near ſo much as a whole pound of ſal armoniac 
at a time, - For you may eaſily obſerve by a ſealed weather-glaſs, that a very few ounces, 
well-powdered and nimbly diſſolved in about four times the weight of water, will ſerve 
well enough for many purpoſes. | | 

6. Anp that you may the leſs ſcruple at this, I ſhall tell you, that even before and 
after Midſummer, I have found the cold producible by our experiment to be conſider- 
able, and uſeful for refrigerating of drinks, &c. but if the ſal armoniac be of the fitreſt 
ſort (for I intimated above, that I ſuſpected it is not equally good) and if the ſeaſon of the 
year do make no diſadvantageous difference, the degree of cold that may be produced 
by no more than one pound (if not by leſs) ſal armoniac may, within its own ſphere of | 
activity, be much more vehement, than, I preſume, you yet imagine, and may afford 
us excellent ſtandards to adjuſt ſealed weather-glaſſes by; and for ſeveral other purpoſes. 

For I remember that in the ſpring, about the end of March, or beginning of April, I 

was able with one pound of ſal armoniac, and a requiſite portion of water, to pro- 15 
duce a degree of cold much greater, than was neceſſary the preceding winter, to make 
it froſty weather abroad; nay, I was able to produce ice in a ſpace of time almoſt in- 
credibly ſhort. To confirm which particulars, becauſe they will probably ſeem ſtrange 
to you, I will here annex the tranſcript of an entry, that I find in a note-book of phæ- 
nomena and ſucceſs of one of thoſe experiments, as I then tried it; though I ſhould be 
aſhamed to expoſe to your peruſal a thing fo rudely penned, it I did not hope you would 
conſider that it was haſtily written only for my own remembrance. And that you ma 
not ſtop at any thing in the immediately annext note, or the two that follow, it will be 
requiſite to premiſe this account of the fealed thermoſcope (which was a good one) 
wherewith theſe obſervations were made; that the length of the cylindrical pipe was 16 
inches, the ball about the bigneſs of a ſomewhat large walnut, and the cavity of the 
pipe by gueſs about an eighth or ninth part of an inch diameter. 

Tux firſt experiment is thus regiſtered. March the 27, in the ſealed weather-glaſs, 
when firſt put into water, the tinted ſpirit reſted at 85 inches: being ſuffered to ſtay 
there a good while, and now and then ſtirred to and fro in the water, it deſcended at 
length a little beneath 7+ inches: then the ſal armoniac being put in, within about a 
quarter of an hour, or a little more, it deſcended to 24+ inches, but before that time, 
in half a quarter of an hour it began manifeftly to freeze the vapours and drops of wz- 
ter on the outſide of the glaſs. And when the frigorifick power was arrived at the 
height, I ſeveral times found, that water thinly placed on the outſide, whilſt the mix- 
ture within. was nimbly ſtirred up and down, would freeze in a quarter of a minute (by 
a minute watch). At about three quarters of an hour after the infrigidating body was 
put in, the thermoſcope that had been taken out a while before, and yet was riſen but 
to the loweſt freezing mark, being again put in the liquor, fell an inch beneath the 
mark. At about 2+ hours from the firſt ſolution of the ſalt, I found the tinted liquor to 
be in the -midſt between the freezing marks, whereof the one was at 5 inches (at wh'ch 
height when the tincture reſted, it would uſually be ſome, though but a ſmall froſt 
abroad; and the other at 43 inches; which was the height to which ſtrong and 
durable froſts had reduced the liquor in the winter. At three hours after the beginning V 
of the operation, I found not the crimſon liquor higher than the upper freezing marks 
newly mentioned; after which, it continued to riſe very {lowly for about an hour longer; 
beyond which time I had not occaſion to obſerve it. | | 

Tnus far the note-book ; wherein there is mention made of a circumſtance of ſome 
former experiments of the like kind, which I remember was very conſpicuous in this 
newly recited, For the frigorifick mixture having been made in a large glaſs-body (as 
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ſtemed reaſonable to expect that 


ö Ae Frigorifick Experiment. 
they call it) with a large and flattiſh bottom, a quantity of water which I (purpoſely) 
ſpilt upon the table, was, by the operation of the mixture within the glaſs, made to 
— and that ſtrongly enough, the bottom of the cucurbite to the table; that ſtag- 


nant liquor being turned into ſolid ice, that continued a conſiderable while unthawed 
away, and was in ſome places about the thickneſs of a half. crown piece. 


-  AnoTHER obſervation made the ſame ſpring, but leſs ſolemn, as meant chiefly to 


ſhew the duration of cold in a high degree, is recorded in theſe terms : the firſt time 
the ſealed weather-glaſs was put in, before it touched the common water, it ſtogd at 84, 
having been left there a conſiderable while, and once or twice agitating the water, the 
tinted hquor ſunk but to 72, or at furtheſt 75 then the frigorifick liquor being put 
into the water with circumſtances diſadvantageous enough, in (about) half a quarter of 
an hour the tincted liquor fell beneath 34; and the thermoſcope being taken out, and 
then put in again, an hour after the water had been firſt infrigidated, ſubſided beneath 
5 inches, and conſequently within a quarter of an inch of the mark of the ſtrongly 
freezing weather, "If : | 

7. WrEREaAs the grand thing that is like to keep this experiment from being as gene- 
rally ufeful, as perhaps it will prove lucriferous, is the dearneſs of ſal armoniack, two. 
things may be offered to leſſen this inconvenience, For fift, ſal armoniac might be 
made much cheaper, if inſtead of fetching it beyond ſea, our countrymen made it at: 
home; which it may eafily be, and I am ready to give you the receipt, which is no 
great ſecret, But next I conſidered, that probably the infrigidating virtue of our mixture 
might depend upon the peculiar texture of the ſal armoniac, whereby, whilſt the water 
is diſſolving it, either ſome frigorifick particles are extricated and excited, or rather ſome- 
particles, which did before more agitate the minute parts of the water, are expelled (or 
invited out by the ambient bodies) or come to be clogged in their motion: whence it 
upon the re-union of the faline particles into ſuch a body 
as they had conſtituted before, the redintegrated ſal armoniac, having near upon the 
ſame texture, would, upon its being vediſſolved, produce the ſame, or a not much in- 


feriour degree of coldneſs: and hereupon, though I well enough foreſa that an armo- 


niac ſolution, being boiled up ia earthen veſſels (for glaſs ones are too chargeable) 
would, by piercing them, both loſe fome of the more ſubtile parts, .and thereby ſome- 
what impair the texture of the reſt ; yet I was not deceived in expecting that the dry 
ſalt remaining in the pipkins, being re-diſfolved in a due proportion of water, would 
very conſiderably infrigidate it; as may further ap by the notes, which for your 


greater ſatis faction you will find here ſubjoined, as ſoon as J have told you, that, though 


tor want of other veſſels I was firſt reduced to make uſe of earthen ones, and the rather, 
becauſe ſome metalline veſſels will be injured by the diſſolved ſal armoniac, if it be boiled 
in them; yet Iaſterwards found ſome conveniencies in veſſels of other metal, as of iron; 
whereof you may command a farther account. | —— 
March the 29th the thermoſcope in the air was at 8g inches; being put into a ſome- 
what large evaporating glaſs, filled with water, it fell (after it ſtaid a pretty while, and 
had been agitated in the liquor) to 8 inches: then about half the ſalt, or leſs, that had 
been uſed twice before, and felt much leſs cold than the water; being put in and ftirred. 
about, the tincted ſpirit ſubſided with a viſible progreſs,. till it was fallen manifeſtly be- 
neath four inches; and then, having cauſed ſome water to be freſhly pumped and 
brought in, though the newly mentioned ſolution were mixt with it, yet it preſently. 
made the ſpirit of wine manifeſtly to aſcend in the inſtrument, . much faſter than one 
would have expected, Ec. 8 _ „ 


* 
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Anp thus much may ſuffice for this time concerning our frigorifick experiment; 
which I ſcarce doubt but the Cariefians will lay hold on as very favourable to ſome of 
their tenets 3 which you will caſily believe it is not to the opinion I have elſewhere op- 
poſed of thoſe modern philoſophers, that would have ſalt-petre to be the primum frigidum 
(though I found by trial, that whilſt it is actually diſſolving, it gives a much conſider- 
abler degree of cold, than otherwiſe). But about the reflections that may be made on this 
experiment, and the variations and improvements, and uſes of it, though I have divers 
things lying by me; yet, ſince you have ſeen ſeveral of them already, and may com- 
mand a fight of the reſt, I ſhall forbear the mention of them here, not thinking it pro- 
per to ſwell the bulk of this letter with them. 


The Method obſerved in Transfuſing the Blood out 


of one Animal into another. 


Firſt printed in the Philoſophical Tranſactions No. XX. p. 353. 
For Monday, December 1 7, 1666. 


H Is method was promiſed in the laſt of theſe papers. It was firſt practiſed by 
Dr. Lower in Oxford, and by him communicated to the author, who imparted it 


to the Royal Society, as follows: 


_ FinsT, Take up the carotidal artery of the dog or other animal whoſe blood is to be 
transfuſed into another of the ſame or a differing kind, and ſeparate it from the nerve 
of the eighth pair, and lay it bare above an inch; then make a ſtrong ligature on the 
upper part of the artery, not to be untied again ; but an inch below, viz. towards the- 
heart, make another ligature of a running knot, which may be looſened or faſtened as 
there ſhall be occaſion, Having made theſe two knots, draw two threads under the 


artery between the two ligatures; and then open the artery, and put in a quill, and tie 
the artery upon the quill very faft by thoſe two threads, and ſtop the quill with a ſtick. 


After this, make bare the jugular vein in the other dog about an inch and a half long; 
and at each end make a ligature with a running knot, and in the Tpace betwixt the two- 


running knots draw under the vein two threads, as in the other; then make an inct- 
ſion in the vein, and put inte it two quills, one into the deſcendent part of the vein, 
to receive the blood from the other dog and carry it to the heart; and the other quill 


put into the other part of the jugular vein which comes from the head (out of which: 
the ſecond dog's own blood muſt run into-diſhes). Theſe two quills being put in and 


tied faſt, ſtop them with a ſtick till there be occaſion to open them. 
ALL things being thus prepared, place the dogs on their ſides towards one another 


ſo conveniently that the quill may go into each other; (for the dog's necks cannot be 


brought ſo near but that you muſt put two or three ſeveral quills more into the firſt 
two, to convey the blood from one to another). After that unſtop the quill that goes 
down.into the firſt dog's jugular vein, and the other quill coming out of the other dog's: 
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artery; and by the help of two or three other quills put into each other, according az 
there ſhall. be occaſion, inſert them into one another; then flip the running knots, ana 
immediately the blood rurs through the quills, as through an artery, very impetuouſly, 
And immediately, as the blood runs into the dog, unſtop the other quill, coming out 
of the upper part of his jugular vein (a ligature being firſt made about his neck, or elſe 
his other jugular vein being compreſſed by one's finger); and let his own blood run 
out at the ſame time into diſhes (yet not conſtantly, but according as you perceive him 
able to bear it) till the other dog begin'to cry, and faint, and fall 'into convulſions, and 

at laſt die by his fide. | ee , e * 

THen take out both the quills out of the dog's jugular vein, and tie the running 
knot faſt, and cut the vein aſunder (which you may do without harm to the dog, one 
jugular vein being ſufficient to convey all the blood from the head and upper parts, by 
reaſon of a large anaſtomoſis, whereby both the jugular veins meet about the larynx). 
This done, ſew up the ſkin and diſmiſs him, and the dog will leap from the table 
and ſhake himſelf, and run away, as if nothing ailed him. | 

AnD this I have tried ſeveral times before ſeveral in the univerfities, but never yet 
upon more than one dog at a time for want of leiſure and convenient ſupplies of ſeveral 
dogs at once. But when I return I doubt not but to give you a fuller account, not 
only by bleeding ſeveral dogs into one, but ſeveral other creatures into one another, as 
you did propoſe to me before you leſt Oxford; which will be very eaſy to perform, 
and will afford many pleaſant, and perhaps not unuſeful experiments. 

Bu becauſe there are many circumſtances neceſſary to be obſerved in the performing 
of this experiment, and that you may better direct any one to do it, without any dan- 
ger of killing the other dog that is to receive the other's blood, I will mention two or 
three. | . 

Figs, that you faſten the dogs at ſuch a convenient diſtance, that the vein nor artery 
be not ſtretched 3 for then, being contracted, they will not admit or convey ſo much 
blood. 5 1 

SgconDLY, that you conſtantly obſerve the pulſe beyond the quill in the dog's jugular 
vein- (which it acquires from the impulſe of the arterious blood) for if that fails, then 
it is a ſign the quill is ſtopt by ſome congealed blood, ſo that you muſt draw out the arte- 
rial quill from-the other, and with a probe open the paſſage again in both of them, that 
the blood may have its free courſe again. For this muſt be expected when the dog that 

- bleeds into the other hath loſt much blood, his heart will beat very faintly, and then the 
impulſe of blood being weaker, it will be apt to congeal the ſooner, ſo that at the latter 
end of the work you muſt draw out the quill oftener, and clear the paſſage; if the dog 
be faint-hearted,- as many are, though ſome ſtout fierce dogs will bleed freely and unin- 
terruptedly, till they are convulſed and die. But to prevent this trouble, and make the 
experiment certain, you -muſt bleed a great dog into a little one, or a maſtiff into a 
cur, as I once tried; and the little dog bled out at leaſt double the quantity of his own 
blood, and left the maſtiff dead upon the table; and after he was untied te ran away, 
and ſhaked himſelf, as if he had been only thrown into water. Or elle you may get 
three or four ſeveral dogs prepared in the ſame manner; and when one begins to fail and 
leave off bleeding, adminiſter another ; and I am confident one dog will receive all their 
blood (and perhaps more) as long as it runs freely, till they are left almoſt dead by turns 
provided you let out the blood proportionably, as you let it go into the dog that is to 
live. | | 

Tr1nDLy, I ſuppoſe the dog that is to bleed, out into diſhes, will endure it better, 
4f.the dogs that are to be adminiſtered to ſupply his blood, be of near an equal age, and 


fed 


out of one Animal into another. 


er. 

THERE are many things I have obſerved upon bleeding dogs to death, which I have 
ſeen ſince your departure from Oxford, whereof I ſhall give you a relation hereafter. 
In the mean time ſince you were pleaſed to mention it to the Royal Society, with a pro- 
miſe to give them an account of this experiment, 1 could not but take the firſt oppor- 
tunity to clear you from: that obligation, &. . | | 

So far this letter; the preſcriptions whereof having been carefully obſerved by thoſe 
who were employed to make the experiment, have hitherto been attended with good 
ſucceſs; and that not only upon animals of the ſame ſpecies (as two dogs firſt, and then 
two ſheep) z but alſo upon ſome of very differing ſpecies (as a. ſheep and a dog, the 
former emitting the other receiving). | 

NoTs only, that inſtead of a quill, a ſmall crooked thin pipe of ſilver or braſs, ſo 
ſlender, that the one end may enter into the quill, and having at the other end, that is 
to enter into the vein and artery, a ſmall knob for the better faſtening them to it with a 
thread, will be much fitter than a ſtrait pipe or quill, for this operation; for ſo they 
are much more eaſy to be managed. 

IT is intended that theſe trials ſhall be proſecuted to the utmoſt variety the ſubje& 
will bear; as by exchanging the blood of old and young, ſick and healthy, hot and 
cold, fierce and fearful, tame and wild animals,. &c. and that not only of the ſame but 
alſo of differing kinds. For which end, and to improve this noble experiment, either 
for knowledge, or uſe, or both, ſome ingenious mer have already propoled conſiderable: 
trials and inquiries z of which perhaps an account will be given hereafter, For the pre- 
tent we ſhall only ſubjoin ſome. | | | 


Conſiderations about this kind of Experiments, 


1. Ir may be conſidered in them, that the blood of the emittent animal may, after a: 


few minutes of time, by its circulation, mix and run out with that of the recipient. 
Wherefore,. to be aſſured in theſe trials that all the blood of the recipient is run out, 


and none left in him but the adventitious blood of the emittent, two, or three, or more 


animals (which was alſo hinted in the method above) may be prepared and adminiſtered 
to bleed them all out into one. by | 


2, IT ſeems not irrational to gueſs aforehand that the exchange of blood will not alter 


cd alike the day before, that both their bloods may be of a near ſtrength and tem- 
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the nature or diſpoſition. of the animals, upon which it ſhall be practiſed; though it 


may be thought worth while, for ſatisfaction and certainty, to determine that point by 
experiments; The caſe of exchanging the blood of animals ſeems not like that of graff- 
ing, where the cyon turns the ſap of the ſtock, graffed upon, into its nature z the fibres 


of the cyon ſo ſtraining the juice which paſſes from the ſtẽm to it, as thereby to change 


it into that of the cyon: whereas in this transfuſion there ſeems to be no ſuch percolation 


of the blood of animals, whereby that of the one ſhould be changed into the nature of 


the other. 


3. Tux moſt probable uſe of this experiment may be conjectured to be, that one animal 


may live with the blood of another; and conſequently thoſe animals that want blood, or 


have corrupt blood, may be ſupplied from others with a ſufficient quantity, and of ſuch. 


as is g 


that is made of the bod. 


good, provided the transfuſion be often repeated, by reaſon of the quick expence 


Trials 


/ 


Trials propoſed to Dr. Low = x, 


To be made by him, for the Improvement of tran. 
fuſing Blood out of one live Animal into another. 


{Promiſed Numb. XX. p. 357.) 


Firſt Printed in the Philoſophical Tranſaclions, No. XXII. P. 38 5. 


For Monday, February 11, 1666. - 


H E following queries and trials were written long ſince and read about a month 

ago in the Royal Society, and do now come forth againſt the author's intention, 

at the earneſt deſire of ſome learned perſons, and particularly of the worthy doctor to 
whom they were addreſſed ; who thinks, they may excite and aſſiſt others in a matter, 
which to be well proſecuted will require many hands. At the reading of them, the 
author declared that of divers of them he thought he could foreſee the events, but yet 
judged it fit not to omit them, becauſe the importance of the theories they may give 
light to may make the trials recompence the pains, whether the ſucceſs favour the 
affirmative or the negative of the queſtion, by enabling us to determine the one or the 
other upon ſurer grounds than we could otherwiſe do. And this advertiſement he 


- deſires may be applied to thoſe other papers of his that conſiſt of queries or propoſed 
trials. | 


" 


The Queries themſelves follow. 


1. WrzTHER by this way of transfuſing blood, the diſpoſition of individual animals 
of the ſame kind may not be much altered ? (as whether a fierce dog, by being often 
quite new ſtocked with the blood of a cowardly dog, may not become more tame) & 
vice verſa, Sc. 261 

2. WHETHER immediately upon the unbinding the dog, repleniſhed with adventi- 
tious blood, he will know, and fawn upon his maſter, and do the like cuſtomary things 
as before? and whether he will do ſuch things better or worſe at ſome time after the ope- 
ration ? | | 

3. Wurrnn thoſe dogs that have peculiatities will have them either aboliſhed, or 
at leaſt much impaired by transfuſion of blood? (as whether the blood of : _ 

| frequently 


* 


Trials for the improvement of transfuſing Blood, &c. 


frequently transfuſed into a blood-hound, or a ſpaniel, will not prejudice them in point of 
ſcent)? 

W acquired habits will be deſtroyed or impaired by this experiment? (as 
whether a dog taught to fetch and carry, or to dive after ducks, or to ſett, will, after 
frequent and full recruits of the blood of dogs unfit for thoſe exerciſes, be as good at 
them as before ?) 

5. WHETHER any conſiderable change is to be obſerved in tlie pulſe, urine, and other 
excrements of the recipient animal by this operation, or the quantity of his inſenſible 
tranſpiration ? 

6. WrETHER the emittent dog, being full fed at ſuch a diſtance of time before the 
operation, that the maſs of blood may be ſuppoſed to abound with chyle, the recipient 
dog, being before hungry, will loſe his appetite more than if the emittent dog's blood 
had not been ſo chylous? and how long, upon, a vein opened of a dog, the admitted 
blood will be found to retain chyle ? | 

7. WHETHER a dog may be kept alive without eating by the frequent injection of 
the chyle of another, taken freſhly from the receptacle, into the veins of the recipient 
dog ? 

8. WHETHER a dog that is ſick of ſome diſeaſe, chiefly imputable to the maſs of 
blood, may be cured by exchanging it for that of a found dog? and whether a ſound 
dog may receive ſuch diſeaſes from the blood of a ſick one, as are not otherwiſe of an 
infectious nature? | 

9. WHarT will be the operation of frequently ſtocking (which is feaſible enough) an 
old and feeble dog with the blood of young ones, as to livelineis, dulneſs, drowſineſs, 
ſqueamiſhneſs, &c. & vice ver ſa. 

10. WHETHER a ſmall young dog, by being often freſh ſtacked with the blood of 
a young dog of a larger kind, will grow bigger than the ordinary ſize of his own 
kind ? | | 
- 11. WurrHRER any medicated liquors may be injected, together with the blood, into 
the recipient dog? and in caſe they may, whether there will be any conſiderable difference 
found between the ſeparations made on this occaſion, and thoſe which would be made, 
in caſe ſuch medicated liquors had been injected with ſome other vehicle, or alone, or 

taken in at the mouth? | 

12. WHETHER a purgative medicine being given to the emittent dog a while before 
the operation, the recipient dog will be thereby purged, and how ? (which experiment 
may be hugely varied). 3 | 

13. Wurz the operation may be ſucceſsfully practiſed, in cafe the injected blood 
be that of an animal of another ſpecies, as of a calf into a dog, &c. and of a cold ani- 
mal, as of a fiſh, or frog, or tortoiſe, into the veſſels of a hot animal? & vice verſa ? 

14. WHETHER the colour of the hair or feathers of the recipient animal, by the fre- 
quent repeating of this operation, will be changed into that of the emittent ? 

15. WHETHER by frequently transfuſing into the ſame dog, the blood of ſome animal 
of another ſpecies, ſomething further, and more tending to ſome degrees of a change of 
ſpeci-s, may be effected, at leaſt in animals near of kin (as ſpaniels and ſetting dogs, 
Iriſh grey-hounds and ordinary grey-hounds, &c.)? _ | | 

16, WRETRHER the transfuſion may be practiſed upon pregnant bitches, at leaft at 
certain times of their gravidation ? and what effect it will have upon the whelps? 

THERE were ſome other queries propoſed by the ſame author; as the weighing of 


the emittent animal before the operation, that (making an abatement for the effluviums, 
Vol. III. | U and 
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| Propoſals to try the Pneumatick Engine, &c. 


and for the excrements, if it voids any) it may appear how much blood it really loſes. 
To which were annexed divers others, not ſo fit to be peruſed but by phyſicians, and 
therefore here omitted. | 


FF CN dna: 


PROPOSALS 


To try the Effects of the Pneumatick Engine exhauſt- 
ed, in Plants, Seeds, Eggs of Silk-worms. 


Firſt Printed in the Philoſophical TranſaZions, No. XXIII. p. 424. 
For Monday, March 11, 1666. 


H E ingenious Dr. Beale did formerly ſuggeſt, as follows : 

Ir would be, I think (ſaith he) very well worth the trial, to ſee what effects 
would be produced on plants put into the pneumatick (or rarefying) engine of Mr. Boy!e, 
with the earth about their roots, and flouriſhing; whether they would not ſuddenly 
wither if the air were totally taken from them. And particularly to try in the ſeaſon 
cherry - bloſſoms, when partly opened, partly not opened, upon a branch; to wit, whe- 
ther the air may be ſo attenuated as to blaſt. But it may be noted, that the bloſſoms 
do not forthwith diſcover the blaſt; an old experienced countryman having once given 
me notice of a blaſty noon (it being then ſultry weather and ſomewhat gloomy with the 
thickneſs of exhalations, almoſt like a very thick miſt) and within a day or two ſhewing 
the proof upon the cherry- bloſſoms then flagging, but not much altering their colour 
till two days more were paſt. | 

THe noble Mr. Boyle ſuggeſts, as proper for the approaching ſeaſon, that it may be 
tried, | | 

1. WHETHER ſeeds (eſpecially ſuch as are of a haſty growth, viz. orpin, lettice, 
garden-creſs-ſeeds, &c.) will germinate and thrive in the exhauſted receiver of the ſaid 
engine ? 

T WHETHER the excluſion of air from the fenſitive plant would be harmful to it ? 

3. WHETHER the graffing of pears upon ſpina ceivina. (the almoſt only purgative 
vegetable known in England) will produce the effect of communicating to the fruit that 
purging quality, or not ? | | | 

4. WuazeTtHes ſilk-worms eggs will be hatched in ſuch an exhauſted revives, in the 
ſeaſon proper for hatching ? | | 

To which may be added the trials of putting in a phial, full of water, ſome of thoſe 
herbs that will ſhoot and grow in water alone, including them in ſuch a receiver, and 
pumping out what air you can, to fee whether they will then ſhoot or not ? 

AND 


A Confirmation of the Experiments, &c. 


Au though ſome of theſe propoſals have been formerly begun to be experimented, 
yet ought they to be diligently proſecuted, to ſee how far the air is neceſſary to vegeta- 
tion; and whether plants do indeed live as much upon the air, as the earth; and the 
branches of them are rooted (as it were) in, and quickened by the air, as their roots are 
planted and nouriſhed in and by the earth ? 

Tus experiment hitherto made of this kind was, that ſome lettice-ſeed being ſown 
upon ſome earth in the a air, and ſome of the ſame ſeed at the ſame time upon other 
earth in a glaſs-receiver of the above mentioned engine, afterwards exhauſted of air ; the 
ſeed expoled to the air was grown up an inch and a half high within eight SS 
that in the exhauſted receiver, not at all. And air being again admitted into the ſaid 
emptied receiver, to ſee whether any of the ſeed would then come up, it was found 
that in the ſpace of one week it was grown up to the height of two or three inches. 


7. p . LN LN << >< 


A Confirmation of the Experiments mentioned in 
No. XXVII. to have been made by Signor Fra- 
caſſati in Italy, by injecting Acid Liquors into 
Blood. | 


Firſt printed in the Philoſophical Tranſaclions, No. XXIX. p. 551. 
For Monday, November 11, 1667. 


{T HE author having ſeen the particulars inſerted in Numb. XXVII. concerning ſome 
experiments made by Signor Fracaſſati, and recollecting what himſelf had experimented 
of that nature ſeveral years ago, was pleaſed to give to the publiſher the following 
information about it by the favour of a letter, written to him from Oxford, Oct. 19, 
1667. ] Foy | 


TR: WADE . 

1 Hinted to you in my laſt ſomething about the original of the experiments made in 
Ttaly, by injecting acid liquors into blood; to explain which, 1 ſhall now tell you, 

that about this time three years *, I mentioned, at Greſham college, to the Royal So- 


ciety, an odd experiment I had formerly made (not by chance, but deſign) upon blood 


* The Journals of the Royal Society being looked into by the publiſher (who, by the honour of his 
relation to that illuſtrious body, hath the advantage of pervſing them, as he by his office hath the care of 
lecing them faithfully managed) do fully agree with the affirmation of this noble perſon, as well in the 
cucumſtapce of the time, as the ſubſtance of the matter in queſtion; it being in the month of December 
of An. 1664, when what is now alledged in this letter was publickly related by its author. 
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A Confirmation of the Experiments, &ec. 


yet warm, as it came from the animal, viz. That by putting into it a little aqua fortis, 
or oil of vitriol, or ſpirit of ſalt (theſe being the moſt uſual acid menſtruums) the blood 
not only would preſently loſe its pure colour, and become of a dirty one, but in a trice 
be alſo coagulated; whereas if ſome fine urinous ſpirit, abounding in volatile ſalt, ſuch 
as the ſpirit of ſal armoniac, were mingled with the warm blood, it would not only not 
curdle it, or imbaſe its colour, but make it rather more florid than before, and both 
keep it fluid, and preſerve it from putrefaction for a long time. 

Tnis experiment I deviſed, among other things, to ſhew the amicableneſs of volatile 
ſpirits to the blood; and I remember it was ſo much taken notice of, that ſome very 
inquiſitive members of the Society came preſently to me and defired me to acquaint them 
more particularly with it; which I readily did, though afterwards I made ſome further 
obſervations about the fame experiment that I had no occaſion to relate. 

Tris having been ſo publickly done, though I ſhall not ſay that Signor Fracaſſati 
may not have hit, as well as I, upon the experiments publiſhed in his name, yet there 
is ſo little difference between the warm blood of an animal out of his veins and in them, 
that it is not very improbable that he may have had ſome imperfect rumour of our expe- 
riment without knowing whence it came; and ſo may, without any diſingenuity, have 
thence taken a hint to make and publiſh what now is engliſhed in the. Tranſactions. If 
it be thought fit that any mention be made of what I related ſo long ſince, I think I 
can ſend you ſome other circumſtances belonging to it; for I remember I tried it with 
other liquors (as fpirit of wine, oil of tartar, oil of turpentine) and I think alſo I can 
ſend you ſome remarks upon the colour of the upper part of the blood. And I ſhall on 
this occaſion add, in reference to anatomical matters in general, that after I ſaw how 
favourably ihe Uſefulneſs of Experimental Philoſophy was received, I was invited to 
inlarge it in another edition; and for that I provided divers anatomical as well as other 
experiments, and deſigned many more; ſo that I have by me divers things that would 
not perhaps be unwelcome to anatomiſts, &c, > 


NEW EXPERIMENTS 


Concerning the Relation between Light and Air, in 
| ſhining Wood and Fiſh; made by the Author, 
and by him addreſſed from Oxford to the Publiſher, 


and ſo communicated to the Royal Society. 


Firſt Printed in the Philoſophical Tranſactions, No. XXXI. p. 581. 
For Monday, January 6, 1667-8. 


"$4 ig 
O perform now the promiſe I made you the other day, I muſt acquaint you with 
what will perhaps ſomewhat ſurprize you, by giving you an account of what I 
tried on Tueſday night laſt (October 29, 1667) and the two or three following nights, 
about the relation between air and light, as this is to be found in ſome bodies. 

THe occaſion of theſe trials was this: Having, as you know, long ſince made ſome 
notes, chiefly hiſtorical, upon particular qualities, and finding light to be (how 
juſtly I now diſpute not) reckoned by the generality of philoſophers among qualities, I 
huddled together what obſervations I had either made myſelf or received from ſome 
ingenious travellers (to whom I recommended my inquiries) about ſhining bodies; and 
had alſo prepared ſeveral trials about them, to be made when J ſhould have opportunity 
and requiſite inſtruments to put them in practice; which, as to ſome of thoſe deſigned 
experiments, have been long denied me. But having at length got hither one of my 
little engines, and having alſo procured, after much inquiry, a few ſmall pieces of ſhin- 
ing wood, I began on the day above-mentioned to try with them an experiment I found. 

in my liſt : and though the main experiment be but one; I intend to ſet down what 
occurred to me about it but as ſeveral phænomena of it; yet finding it requiſite to ac- 
quaint you with ſome trials that are not ſo properly parts of it, I ſhall, for diſtinct ion 
lake, propoſe them as ſeveral experiments; the narratives whereof are taken for the moſt 
part verbatim out of the notes I ſer down for my own uſe, when the things to be regiſ- 
tered were freſhly done. Which advertiſement I give you both to excuſe the careleſſ- 
neſs of the ſtyle, and to induce you not to diſtruſt a narrative that was made only to 
ſerve my memory, not an hypotheſis, 
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New Experiments concerning the relation between 


EXPERIMENT I. 


To try whether or no a piece of ſhining wood, being put into a receiver of our pneu- 
matick engine, would, upon the withdrawing and re- admitting of the air, ſuffer ſuch 
changes, as I have often obſerved a live coal, placed there, to do. Having at length 
procured a piece of ſuch wood, about the bigneſs of a groat or leſs, that gave a vivid 
light (for rotten wood) we put it into a middle- ſized receiver, ſo as it was kept from 
touching the cement z and the pump being ſet a work, we obſerved not during the five 
or ſix firſt exſuctions of. the air, that the ſplendor of the included wood was manifeſtly 
leſſened (though it never was at all increaſed) z but about the ſeventh ſuck it ſeemed to 


grow a little more dim, and afterwards anſwered our expectation, by loſing of its light 


more and more, as the air was ſtill farther pumped out; till at length about the tenth 
exſuction (though by the removal of the candles out of the room, and-by black clothes 
and hats we made the place as dark as we could) yet we could not perceive any light at 
all to proceed from the wood, | | 


EXPERIMENT u. 


WHEREFORE we let in the outward air by degrees, and had the pleaſure to ſee the 
ſeemingly extinguiſhed light revive fo faſt and perfectly, that it looked to us all, almoſt 
like a little flaſh of lightning, and the ſplendour of the wood ſeemed rather greater, than 
at all leſs, than before it was put into the receiver. But partly for greater certainty, and 
partly to enjoy ſo delightful a ſpectacle, we repeated the experiment with the like ſucceſs 
as at firſt, Wherefore being deſirous to ſee how ſoon theſe changes might be produced, 
we included the wood in a very ſmall receiver of clear glaſs, and found that in this the 
light would begin to grow faint at the ſecond, or at leaſt at the third exſuction of the 
air, and at the ſixth or ſeventh would quite diſappear. And we found, by a minute- 
watch, that the {ending the candles out of the room, the pumping out the air till the 
wood wayld ſhine no more, the re-admitting of the air (upon which in a trice it would 
recover its light) and the ſending in for the candles to conſult the watch, did in all take 
up but ſix minutes, | 


EXPERIMENT III. 


Tur fore-mentioned experiment, without taking notice how long it laſted, being 
reiterated twice in this new receiver, we had a deſire to ſee whether this luminous wood 
would more reſemble a coal, or the life of a perfect animal, in being totally and finally 
extinguiſhed, in caſe the air were kept from it a few minutes; or elle the life of inſects, 
which in our exhauſted receiver 1 had ob'erved to loſe all appearance of its continuing, 
and that for a much longer time than a few minutes, and yet afterwards, upon the reſti- 
tution of air, to recover preſently, and ſhew manifeſt ſigns of life? Wherefore having 
exhauſted the receiver till the wood quite diſappeared, we ftayed ſomewhat above a 
quarter of an hour in the dark without perceiving that the wood had regained any thing 
cf light, though about the end of this time we made the place about it as dark as we 
could; and then it being too late at night to protract the experiment, we let in the air, 
upon whoſe admiſſion the wood preſently recovered light enough to be —— at a 

iſtance; 
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diſtance; though it ſeemed to me ſomewhat leſs vivid than before: which yet may be 
either a weakneſs in my fight, or an effect of the ſteams of the cement, unfriendly per- 
haps to the luminouſneſs of the wood. 

Thus far we proceeded yeſter-night, to which we this night added theſe obſervations. 

Ws put in a piece of wood bigger than the former (this being above an inch long) 
and that ſhone very vigorouſly, And having by a few ſucks quite deprived it of light, 
we left it in the exhauſted receiver for full half an hour, and then coming into the dark 
room again, we found all had not continued ſo ſtaunch, but that ſome ſmall portion of 
air had inſinuated itſelf into the receiver. This we concluded to be but a ſmall portion 
of air, becauſe the wood was but viſible to an attentive eye: and yet, that it was really 
ſome air. which was got in that cauſed the little glimmering light which we perceived, 
may appear by this, that if did preſently (as we expected) vaniſh at the firſt or ſecond 
fuck; and then the air being let into the dark receiver, the included wood preſently 
none again as before; though I ſuſpected I diſcerned ſome little diminution of its 
brightneſs; which yet, till further trials of the like kind, and for a longer time, have 
been made, I dare not affirm, Before the receiver was ſufficiently emptied at the begin- 
ing of the experiment made with this great piece of wood, a ſmall leak accidentall 
ſprung, which, letting in a little air, did, ſooner than we intended, recall the almoſt dit- 


appearing light. 


EXPERIMENT IV. 


THatRE is an experiment of affinity with the former which we thought it not altoge- 
ther impertinent to try; for having obſerved on another occaſion, that ſometimes the 
operation which the withdrawing the air hath upon a body included in the receiver, 
proves more conſiderable ſome minutes after we have ceaſed pumping, than immediately 
after the exerciſe is left off; I imagined that even in ſuch: caſes where the light is not 
made wholly to diſappear (though it be made almoſt quite to do ſo) by the emptying of 
the pneumarical glaſs, the ſuffering the body to remain a while there, though without 
any pumping (unleſs now and then a very little to remove the air that might have ſtolen 
in, in the mean time the remaining light of the body might be further impaired, if not 
reduced quite to vaniſh. To examine this conjecture we put in a body that was not 
wood, which had ſome parts far more luminous than the reſt ; and having drawn out 
the air, all the others diſappeared, and even the formerly brighter ones ſhone but faintly 
when the pneumatical glaſs ſeemed to be exhauſted. But keeping the included body a 
while in that unfriendly place we perceived the parts that had retained light to grow 
more and more dim, ſome of them diſappearing, and that which was formerly the moſt 
conſpicuous, being now but juſt viſible to an attentive eye, and that ſcarce withouc 
diſpute, For if we had not known beforehand, that a ſhining matter had been included 
in the receiver, perhaps we ſhould not have found it out, and he that had the youngeſt 
eyes in the company could not at all diſcern ir (the air being let in, the body began to 
ſhine again): but this being a ſingle trial, which the lateneſs of the night hindered us 


from re-iterating, is to be further proſecuted, and in differing ſubſtances, before much. 


be built upon it. 
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New Experiments concerning the relation between 


* 


EXPERIMENT v. 


Pnx rarefaction or expanſion of the air having ſo notable an operation upon our 
ſhining wood, I thought it would not be amiſs to try what the compreſſion of the air 
would do to it, For which purpoſe we included a piece of it in ſuch a little inſtrument. 


to compreſs, which you may remember to have been deviſed and propoſed by Mr. 


Hook. But though we impelled the air forcibly enough into the glaſs, yet, by reaſon 
of the thickneſs requiſite in ſuch glaſſes, and the opacity thence ariſing, we were not 
able then to determine whether or no any change was made in the luminouſneſs of the 
wood. 

Wurcn I thought the leſs ſtrange, becauſe by ſome experiments purpoſely deviſed _ 
(at one of which I remember you were preſent) I had long ſince obſerved that even a 
great preſſure, from a fluid body which preſſeth more uniformly againſt all the parts 
it toucheth of the conſiſtent body, does work a far leſs manifeſt change, even on ſoft 
or tender ſubſtances, than one would expect from the force wherewith it compreſſeth. 

Anp were it not that one contrary oftentimes minds us of another, I might have for- 
got that I had divers thoughts about finding ſome good ways of trying, whether any 
ſuch change of texture might be diſcovered to be made in the ſhining wood by the 


abſence and return of the ambient air, as might with any probability have the loſs or 


recovery of the wood's ſplendour attributed to it. For I had formerly (if I were not 
miſtaken) found by ſeveral circumſtances, which I ſhall not now ſtay to. name, that a 
flight (fo it be an appropriated) variation of the texture of this wood, and which may 
ſeem mainly to reſpect the pores (which perhaps ought to be of a determinate ſhape and 
ſize, and filled with a determinate matter) will have a great operation upon its ſplendour, 
And 1 formerly found by other trials, that even conſiſtent bodies, if ſoft ones, may have 
their pores enlarged and vitiated, and their bulk, and conſequently their texture (at leaſt 
as to their pores) manifeſtly enough altered by having the air withdrawn from about 
them (whereby the atrial particles within them were able to expand themſelves) and let 
in again; whereby, as to ſenſe, they ſeemed pretty well reſtored to their former ſtate, 
But the ſucceſs of my endeavours, either with microſcopes (through which a vivid piece 
of wood will ſhine by its own light) or otherwiſe, was not conſiderable enough to deſerve 
a particular account; eſpecially in this paper, where I am not to venture at matcps, of 


0 
EXPERIMENT VI. 


Terinkinc fit to try whether a ſmall quantity of air, without being ventilated or re- 
newed, might not ſuffice to maintain this cold fire, though it will not that of a live coal, 
or a piece of match, we cauſed a piece of ſhining wood to be hermetically ſealed up in a 
pipe of clear and thin glaſs: but though, carrying it into the dark, we found it had 
quite 1::{t its light, yet imagining that that might proceed ſrom its having been over- 
heated (being ſe: led up in a pipe not long enough to afford it a due diſtance from the 
flame of the lamp we employed to ſeal it); we cauſed two or three pieces of freſh wood, 
amounting all of them to the length of about two inches, to be ſealed up in a ſlender 
pipe between four or five inches in length, which being warily done, the wood retained 


its light very well when the operation was over : and afterwards laying it by my bed- 
ſide, 
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fide, when the candles were carried away out of the room, I conſidered it a while before 
I fell aſleep, and found it to ſhine vividly. 

THz next morning when I awaked, though the ſun was riſen, yet forbearing to draw 
open the curtains of my bed till I had looked upon the ſealed glaſs, which I had fenced 
with a piece of cloth held between it and the window, my eyes having not yet been 
expoſed to the day-light, ſince the darkneſs they had been accuſtomed to during the 
night, made me think the wood ſhined brighter than ever. And this night, after ten 
of the clock, looking on it in a dark place, it appeared luminous all its length, though 
not ſo much as in the morning, | 

Tus morning after, and the night after that, the ſame wood did likewiſe manifeſtly, 

though not vigorouſly ſhine ; eſpecially one piece whoſe light was much more vivid 
than the reſt: and, for aught I know, I might have obſerved them to ſhine longer, 
if one of the ſealed ends of the glaſs had not been accidentally broken. | 


C FR * 
EXPERIMENT VII. 


WriLsT the former trials were making, I was wiſhing for a good Bolonian ſtone 
to try what effect the withdrawing of the air would have upon it. For though 
I knew it might be objected that the experiments of light performable in our engine 
muſt be made in the night, whereas the Bolonian ſtone gains its light by being expoſed. 


to the ſun-beams ; yet that objection did not hinder my wiſh, ſince the better ſort of F 
Bolonian ſtones may be indued with a luminouſneſs by the flame of fire or of large 
candles. 


I Also wiſhed for ſuch a ſhining diamond as is now in the hands that beſt deſerve 
ſuch a rarity, our Royal Founder's. For you may remember, that in the obſervations I 
made of that ſtone, and annexed to the concluſion of the book of colours, I ſhew how 
it may ſeveral ways be brought to ſhine ; ſo that by one or other of thoſe ways, eſpe- 
cially that of external heat, I thought it very likely I ſhould be able to make the light 
continue four or five minutes, which would be long enough to try in a very ſmall 
receiver, exhauſtible at a ſuck or two, whether the withdrawing and reſtoring the air 
would have any viſible operation on it ? | | | 

I Aso wiſhed for ſome of the glow-worms with which I formerly made other trials. 
For though 1 forgot not what operation the withdrawing of the air, by our engine, is 
wont to have upon living creatures, yet that made me not forbear my wiſh ; not only 
becaule of the different effect I have found the engine to have on inlects in reſpect of 
other animals, but becauſe I am not of the opinion of thoſe modern writers who will © 
have the light of the glow-worms depend altogether upon their life, and end with it. 
But being not likely by my wiſhes to procure any new ſubje& to make trials on, I 
thought fit at leaſt to do what was in my power; and accordingly (to gratify them, 
who, I preſumed, would, if preſent, propoſe ſuch a trial) cauſed a piece of iron to be, . 
torged whoſe top was of the bigneſs of a nut- meg; the reſt being a ſtem of an inch, or 
an inch and half long, for which we provided a little candle-ſtick of tobacco-pipe clay, 
which would not yield any ſmoke to fill and darken the receiver: then having heated 
the iron red-hot, aud placed it in this clay, ſo that the round part was clearly protube- 
rant, we conveyed it into a receiver of white glaſs, which was ſo placed as to keep the 
ſides at as good a diſtance as we could from the iron, leſt the exceſſive heat ſhould (as 
we much feared it would) break the glaſs; then ſending away the candles, and making 


the room dark, we haltily pumped out the air, but could not perceive the withdrawing 
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of it had any operation on the glowing iron. And though it continued ſhining long 
enough to give us opportunity to pump out and let in the air three ſeveral. times, yet 
we could not obſerve that the air had any manifeſt operation one way or other. For 
though, upon the withdrawing of the air, the iron grew dimmer and dimmer, yet that 
I attributed to the cooling of it; and the rather, becauſe, having (to examine the con- 
jecture) let in two or three times the air when the receiver had been exhauſted, there ap- 
peared no manifeſt increaſe of light upon the ſudden admiſſion of it. 


EXPERIMENT VII. 


Havinc formerly, in our Phyfco-mechanical experiments about the ſpring of the 
air, obſerved that the air is thus far a vehicle of ſound, that a body but faintly ſound- 
ing, being, placed in our receiver, gave a yet weaker ſound when the air was withdrawn 
from about it, than when the receiver was full of air; I preſumed ſome curious perſons. 
would, if they had been preſent, deſire to have a trial made, whether or no a ſmall piece of 
ſhining wood being ſo included in the receiver, as that the pumping out of the air ſhould 
have no injurious operation upon the body of it, its light would upon the withdrawing 
of the air be manifeſtly diminiſhed. And this I was the leſs backward to try, becauſe 
(not to mention the relation which the former experiments ſhew there may be in ſome 
caſes between light and air) it did not readily occur to my memory, that by any mani» 
feſt experiment (for I know there are probable reaſons to prove it) it appeared that a 
body more thin than air will or can tranſmit light, as well as other diaphanous mediums. 
And thoſe modern atomiſts that think there is in our exhauſted receiver very many 
times more vacuum than body, would, I preſumed, be glad to be ſupplied with an. 
argument againſt the Peripateticks, to fhew. that the motion of bodies, viz. the cor- 
—_ of light may be freely made in vacuo, and proceed without the aſſiſtance of a: 
vehicle, | | 
WäXäEREToRx, having hermetically ſealed up a ſmall piece of ſhining wood in a lender 
pipe, and placed it in a ſmall receiver that was likewife made of clear glaſs, we exhauſted 
it of air, and afterwards let in again that which we had excluded ; but by neither of 
the operations could we perceive any ſenſible decrement or increaſe of the light of the 
wood; though by that very obſervation it appeared that the glaſs had been well ſealed, 
fince otherwiſe the included air would have got out of the pipe into the receiver, and. 
have left the wood without light. | 


EXPERIMENT IX. 


E nar alſo a mind to try both what degree of rare faction of the air would deprive 
the wood of its ſplendour in ſuch and ſuch meaſures, and whether or no the ſelf- ſame 
air, which, when rarefied, would not ſuffer the wood to ſhine, would, when reduced 
to its former denſity, allow ir to ſhine as much as before. 

Tunis I propofed to do by putting ſome ſhining wood into a clear and conveniently 
ſhaped glaſs, that the long ſtem or pipe being ſo far filled with quickfilver, as that 
there might be about half a ſpoonful of air left at the 'cloſed end where the wood was 
placed, it might be inverted into a little glaſs of ſtagnant quickſilver, and therewith 
conveyed into a ſlender receiver, out of which, as the air ſhould come to be pumped, 
that included in the glaſs which held the wood might be rare fied, and afterwards, upon 

: the 
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the admiſſion of the outward air (which muſt impel up the quickſilver to its former 
height) might be reſtored to its former ſtate, But when we came to trial of this, we 
had no receiver conveniently ſhaped that was ſo clear and thin as that we could ſee the 
wood ſhine through both che glaſſes; and though we would for an expedient have 
ſubſtituted a fine thin bladder, wherein the wood was to be put, and a convenient quan- 
tity of air ſtrongly tied up with ir, yet for want of a bladder fine enough for our turn, 
that expedient alſo proved uſeleſs to us. But being deſirous to make what trial we 
could by the leaſt unfit means we had in our power, we got an old but thin glaſs, ſealed 
at one end, whoſe ſhape was pretty cylindrical, and whoſe bore was about the bigneſs 
of a man's little finger, and whoſe length was about a foot or more; into this pipe, 
near the ſealed end, we put a piece of ſhining wood, wedged in with a piece of cork, 
to keep it from falling; and having inverted the noſe of it into another lender glaſs, 
but not cylindrical, wherein was pretty ſtore of quickſilver, we put them both into a 
long receiver ſhaped almoſt like a glaſs churn z and having pumped a while, that the 
air included in the pipe, expanding itſelf, might depreſs the quickſilver, and ſo make 
eſcapes into the receiver as long as we thought fit; we then let in the outward air that 
the ſtagnant quickfilver might be impelled into the cavity of the pipe, now freed from 
much of the air, to the height requiſite for our purpoſe. 
Tuts done, we plied the pump again, and obſerved that, as the air in the pipe did 
by its own ſpring expand itſelf more and more and grow thinner and thinner, the ſhining 
wood grew dimmer and dimmer, till at length it ceaſed to ſhine, the internal air being 
then got a good way lower than the ſurface of the external quickfilyer ; whereupon 
opening the commerce between the cavity of the receiver and the atmoſphere, the 
quickſilver was driven up again, and conſequently the air above it was reſtored to its 
former denſity ; upon which the rotten wood alfo recovered its light : what the greateſt 
expanſion of this air was we could not certainly determine, becauſe the expanſion raiſed 
the external quickſitver ſo high as to hinder us to ſee and meaſure it; but we gueſſed 
that the air reached to about a foot or more from the top of the pipe to the ſurface of 
the quickſilver near the bottom of it. But when that rarefied air was impelled into its 
former dimenſions, we meaſured it, and found that the upper part of the tube, unpoſ- 
ſeſſed by the quickſilver, was about three inches; and the wood being about an inch 
long, there remained two inches, or ſomewhat better, for the air, But this experiment 
is to be repeated when exacter inſtruments can be procured. 


EXPERIMENT X. 


Tulxk No it fit to try, as well whether ſtinking fiſh that ſhines be of the ſame 
nature, as to luminouſneſs, with rotten wood that ſhines too; as whether the with- 
drawing of the air will extinguiſh or eclipſe the light of a conſiderable bulk of luminous 
matter, as in the experiments hitherto made we found it would do to a {mall one; we 
took a fiſh that we had kept and cauſed to be watched till it was almolt all over lumi- 
nous; though much more in the belly and ſome parts of the head than elſewhere ; and 
having ſuſpended him in a conveniently-ſhaped receiver, we found him to give fo great 
a light, that we ſuſpected beforchand that the withdrawing of the air would hardly have 
its full operation upon a body whole bulk was conſiderable, as well as its light very 
vivid, and which had many luminous parts retired to a pretty diſtance from the air. 
Accordingly, having exhauſted the receiver as much as we were wont, it appeared, in- 
deed, eſpecially towards the latter end of the operation, that the abſence of the air did 
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conſiderably leſſen, and in ſome places eclipſe the light of thoſe parts that ſhone leſs 
ſtrongly z but the belly appeared not much leſs luminous than before: wherefore, ſup- 
poſing that, upon the turning of the ſtop-cock the air coming in much more haſtily 
than it could be drawn out, we ſhould have the beſt advantage to diſcern what intereſt” 
it had in the luminouſneſs of the fiſh, we re-admitted it; and, upon its ruſhing in, per- 


ctived the light to be, as it were, revived and increaſed; thoſe parts of the fiſh that 


were ſcarce viſible before or ſhone but dimly, receiving preſently their former ſplen- 
dour. | i 

AND not to leave un-proſecuted the remaining part of the experiment, which was to 
try whether it was the kind of the luminous body, or only the greatneſs of the bulk, 
and the vividneſs of light, and, if I may ſo ſpeak, the tenacity of the ſubſtance it re- 
ſided in that made the difference between the fiſh and the wood, we put part of the fiſh 
of another kind that ſhone much more faintly than that hitherco ſpoken of, and but in 
ſome places; and by the withdrawing the air, we made ſome of the luminous parts 
diſappear, and the others ſo dim as ſcarce to be diſcerned ; and yet both the one and 
the other regained their former light upon the return of the air. | 

Ap to purſue the experiment a little further, we put in ſuch a piece of the firſt 
fiſh, as though it were bright, was yet but thin, and not conſiderably great; and 
upon pumping out the air we found it, according to our expectation, quite eclipſed, 


though it recovered its light upon the air's re-entry. 


THESE, Sir, are the experiments I have lately made about the ſhining bodies in our 
engine. More I would have tried, notwithſtanding the trouble we found in managing 
the engine in the dark, if rotten wood had not failed us, and I were not in a place where 
the glaſs-men's ſhops are not near ſo well furniſhed as the ſtationers. "os 

I scarce doubt but theſe experiments will occaſion among the virtuoſi ſeveral queries 
and conjectures, according to the differing hypotheſes and inquiſitions to which men are 
inclined : and, particularly, it is probable that ſome will make uſe of this diſcourſe to 
countenance their opinion, that notwithſtanding the coldneſs (at leaſt as to ſenſe) of fiſhes. 
and other animals, there may be in the heart and blood a vital kind of fire which needs. 
air, as well as thoſe fires that are ſenſibly hot; which may leſſen the wonder that animals 
ſhould not be able to live when robbed of air: and if I had now time, I could poſſibly 
furniſh you with ſome other trials that ſeem much to favour the compariſon, though, as 
to the opinion itſelf of a vital lame, I ſhall not now tell you my thoughts about it. And 
though not only the Carteſians will perhaps draw an argument from the paſt phænomena 
in favour of their theory of light, but divers others will diſcourſe upon them, and pro- 
poſe further queſtions, and perhaps inquiries, ſuitable to their ſeveral hypotheſes; yet I 
ſhall content. myſelf at preſent to have faithfully delivered the hiſtorical part of theſe ap- 
pearances, without making, at leaſt at this time, any reflections on them. And the 
rather, indeed, becauſe I enjoyed ſo little health when I was making the experiments, 
that it was not fit for me to engage in ſpeculations that would much exerciſe my 
thoughts; which, 1 doubt, have been more gratified than my health hath been by the 
bare trials, which are moſt ſcaſonably made at. hours unſeaſonable for one that is not 


well. 


Poſtſcript 


Light and Air, in Shining Wood and Fiſh. | 


Poſiſeript ſent by the ſame noble Author from the ſame place, De- 
| cember 6, 1667. 


My condition, in point of heath, being not much improved fince I writ to you in Octo- 
ber laſt, when I ſhall have added, that I have not theſe five or fix weeks been able to pro- 
cure any ſhining wood (except one ſingle piece, which though large, was ſo ill conditioned 
that it afforded me but one trial) you will not, I hope, expect that I ſhould add much to 
the experiments I formerly ſent you about the, relation betwixt light and air. But however, 
fince the ſubjeft is new and noble, and ſince your curioſity about other matters bas been ſo 
welcome and uſeful to the Virtuofi, I ſhall not decline, even on this occaſion, to comply with 
it; and the rather, becauſe I half promiſed you ſome add'tionals a good while ſince, and 


becauſe too, that though what I ſhall acquaint you with may ſeem to be but a confirmation of 


two or three of the former experiments, yet, beſides that it is of them which moſt needed a 


confirmation, theſe trials will alſo afford ſome circumſtances that will not, 1 think, be 
unwelcome. | 


EXPERIMENT XI. 


To examine then the conjecture mentioned in the laſt experiment, that the durable- 
neſs of the light in the ſhining fiſh, in ſpite of the withdrawing the air, might proceed 
in great part from the vividneſs of it, and the beauty of the matter it refided in, rather 
than from the extent of the luminous body in compariſon of the ſmall pieces of ſhining 
wood I hitherto had made my trials with; I put in the above-mentioned piece of wood, 
Whoſe luminous ſuperficies might be perhaps ten or twelve times as great as that which 
the eye ſaw at once, of the ſurface of ſuch fragments of ſhining wood as 1 was wont to 
employ ; and though ſome parts of this large ſuperficies ſhined vividly (for the light 
was uſually enough for rotten wood inferior to that of our fiſh) yet this great piece, being 
put into a convenient receiver, was, upon the withdrawing of the air, deprived of light, 
as the ſmaller ones had been formerly ; the returning air reſtoring its light to the one, as 
it had done to the other. | | | 


EXPERIMENT. XIE 


Bur this is not the chief thing I intended to acquaint you with; that being the ſucceſs 


of ſome trials Which we made in proſecution of theſe two neighbouring experiments. 
In the firſt of theſe I told you I had been able to try but for half an hour, or a little 

more, that a ſhining piece of wood deprived in our engine of light, would yet retain 

a diſpoſition to be, as it were, rekindled upon the freſh acceſs of the air; wherefcre, 


though I could have wiſhed to have made a further trial with the ſame kind of bodies, 


yet being able to procure none, I ſubſtituted in. their. room. ſmall pieces of rotten fiſh 
that ſhone, ſome of them more faintly, and ſome of them more vivid!y; in teference 
to one another, but none as ſtrongly as ſome that I could have employed : and having, 
ma very ſmall and clear receiver, ſo far drawn off the air as to make the included body 
diſappear, we ſo ordered the matter, that we kept out. the air. for. about 24 hours; 
| 0 | aud 
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and then allowing the air to re-enter in a dark place, and late at night, upon its firſt 
.admittance the fiſh regained its light. 


EXPERIMENT XII. 


Tais, compared with ſome of my former obſervations about putrefaction, put me 
upon a trial, which, though it miſcarried, I ſhall here make mention of, that in caſe 
you, who are better furniſhed with glaſſes, think it worth while, you may get reiterated 
by the Society's operator. Conſidering then, how great an intereſt putrefaction hath in 
the ſhining of fiſhes, and air in the phænomena of putrefaction, I thought it might be 
ſomewhat to the purpoſe to take a fiſh that was, according to the common courſe I 
had obſerved in animals, not far from the ſtate at which it would begin to ſhine; and 
having cut out a piece of it, I cauſed the reſt to be hung up again in a cellar, and the 
exſected piece to be put into a ſmall and tranſparent receiver, that we might obſerve, if 
a day or two, or more, after the fiſh in the cellar ſhould begin to ſhine, that in the ex- 
hauſted receiver. wonld either alfo ſhine, or (becauſe that ſeemed not likely) would, not- 
withſtanding the check which the abſence of the air might be preſumed to give the putre- 
trefaction, be found to ſhine too, either immediately upon the admiſſion of the air, or 
not long after it. 

Bur this experiment, as I lately intimated, was only deſigned and attempted, not 
completed, the receiver being ſo thin, that upon the exhauſtion of the internal air the 
weight of the external broke it; and we could ill ſpare another of that kind from trials 
we were more concerned to make: notwithftanding which we made one trial more, 
which ſucceeded no better than the former, but mifcarried upon a quite differing account, 
vi. becauſe neither the included piece of fiſh, nor the remaining, though it were of 


. * the ſame ſort with the, fiſhes I uſually employed, would ſhine at all, though kept a 


pretty while beyond the uſual time at which ſuch fiſhes were wont to grow luminous. 

IF this experiment had ſucceeded, I had ſome others to try in proſecution of it, which 
I ſhall not now trouble you with the mention of. But that this paragraph may not be 
uſeleſs to you, I will take this occaſion to give you a couple of Advertiſements that may 
relate not only to this experiment, but alſo more generally to thoſe, whether precedent 
.or ſubſequent, where ſhining fiſh are employed, 


E 
ADVERTISEMENT I. 


I N the firſt place then, I will not undertake that all the experiments you ſhall make 
with rotten fiſh ſhall have juſt the ſame ſucceſs with theſe I have related. For, as I 
elſewhere obſerved (in a diſcourſe written purpoſely on that ſubject) that the event of 
divers other experiments is not always certain; ſo I have had occaſion to obſerve the like 
about ſhining. of fiſhes. And beſides what I lately took notice of at the cloſe of the tenth 
Experiment, I remember, that having once deſigned to make obſervations about the 
light of rotten fiſhes, and having in order thereunto cauſed a competent number of them 
to be bought, not one of them all would ſhine, though they were bought by the ſame 
perſofi I was wont to employ, and hung up in the ſame place where I uſed to have 
them put, and kept not only till they began to putrefy, but beyond the time that others 
uſed to continue to ſhine ; although a parcel of the ſame kind of fiſhes bought the week 
before, and another of the ſame kind bought not many days after, ſhined according to 
Expectation. 


Light and Air, in Shining Wood and Piſs. 


expectation, What the reaſon of this diſappointment was, I could not determine; only 
I remember that at the time it happened, the weather was variable, and not without 
ſome days of froſt and ſnow, Nor is this the oddeſt obſervation I could relate to you. 
about the uncertain ſhining of fiſhes, if I thought it neceſſary to add it in this place. 


ADVERTISEMENT u. 


NorTics muſt alſo be taken in making experiments with fhining fiſh, that their lumi- 
nouſneſs is not wont to continue very many days. Which advertiſement may be there- 
fore uſeful, becauſe without it we may be apt ſometimes to make trials that cannot be 
ſoon enough brought to an iſſue; and ſo we may miſtake the loſs of light in the fiſh, 


to be a deprivation of it cauſed by the experiment; which indeed is but a ceſſation, 
according to the uſual courſe of nature. | 


EXPERIMENT XIV. 


I xnow not whether you will think it worth while to be told of a trial that we 
made to fave thoſe criticks a labour, that elſe might perhaps demand why it was not 
made. We put therefore a piece of ſhining fiſh into a wide-mouthed glaſs, about half 
filled with fair water, and having placed this glaſs in a receiver, we exhauſted the air 
for a good while, to obſerve whether when the preſſure of the air was removed, and 
yet (by reaſon of the water that did before keep the air from immediately touching the 
fiſh) the exhauſtion of the receiver did not deprive the fiſh of that contact of air, which 
it had loſt before; whether, I ſay, in this caſe the abſence” of the air would have the 
fame influence on the ſhining body, as in the former experiments; and here, as far as 
the numerous bubbles excited in the water would give us leave to diſcern it (for they 
did, though not unexpectedly, ſomewhat diſturb the experiment, which inconvenience 
we might have prevented, if we had thought it worth white) we could not perceive, 
that either the abſence or return: of the ait had any great operation upon the light of 


the immerſed body: which yet did not keep me from intending to make a ſomewhat: 


like trial with ſhining wood (when I can get any} faſtened to the lower part 
of a clear glaſs, and covered over, but not very d-ep, with quickilver. Of which 


practice I ſhall not now ſtay to give you the reaſons, having elſewhere fully enough 


expreſſed them. | | 

Axp that this Section may acquaint you with ſomething beſides the (ſeemingly) in- 
ſignificant experiment related in it, I ſhall here inform you {ſince I perceive I did not 
in the firſt papers I ſent you) that though when I formerly put together ſome notes 
about luminous bodies, I confined not my obſervations to one or two forts of fiſkes, yet 
the experiments ſent you ſince Ofober laſt, were all of them (except a collateral one or 
two) made with whitings, which, among the fiſhes | have had occaſion to take notice 
of, is (except one ſort that I cannot procure) the fitteſt for ſuch trials, an conf-quently 


* * 


fit to be named to you, to facilitate their future ones, in caſe you think it requiſite to- 


make any upon ſuch ſubjects. 
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. cluded body to continue to ſhine more vividly than one would have ex 


| freſh air upon a body, that but a minute before diſcloſed no light. 


Mew Experiments. concerning the relation between 


THe other of the two neighbouring experiments I lately mentioned (viz. the ninth) 
I told you, when J ſent it you, needed a reiteration to confirm it, ſince we had but 


once tried it (and that without all the conveniency we deſired) that a ſhining body, 
which upon the firſt withdrawing the air loſeth much, but not all its light, may be de- 


prived of the reſt by continuing in that unfriendly place, though the air be no farther 
exhauſted, To proſecute therefore both the experiments in one trial, we-took ſomewhat 
late at night a piece of rotten fiſh, which we judged to ſhine too ſtrongly to be quickly 
deprived of all its light, and having put it into a ſmall and clear receiver, we found (as 
we had foreſeen) that the light was much impaired, but nothing near ſuppreſſed by the 
withdrawing of the air. W herefore, having removed the receiver into a convenient place, 
I cauſed it to be brought to me about midnight (after I was a-bed) and having by cloſe 
drawing the curtains, and other means, made the place pretty dark, I perceived the in- 
pected (and, if 
I miſtake not, I ſaw it ſhining in the morning, whilſt it was dark); but the night after, 
coming to look upon it again, its light appeared no more : notwithſtanding which I made 
a ſhift to keep out the air about 24 hours longer, and ſo after 48 hours in all, we opened 
the receiver in a dark place, and preſently upon the ingreſs of the air were pleaſingly 
ſaluted with ſo-vivid an apparition of light, that the included body continued to ſhine 
when carried into a room where there was both fire and candle, if it were but by a 
hat ſcreened from their beams. þ +2 | 
BEN encouraged as well as pleaſed with this ſucceſs, we forthwith exhauſted the air 


- once more out of the ſame receiver, and having kept it about four hours longer, we 


looked upon it again in a dark place, and finding no appearance of light, let the air in 


upon it, whereby it was made to ſhine again, and that vigorouſly enough, ſo that I 


cauſed the receiver to be exhauſted once more; but that it being Sunday night, I was 
unwilling to ſcandalize any, by putting my ſervants upon a laborious and not neceſſary 
work. . 

Tux ſuddenneſs with which the included body appeared to be, as it were, re- kindled 
upon the firſt contact of the air, revived in me ſome ſuſpicions I have had about the 
poſſible cauſes of theſe ſhort-lived apparitions of light (for I ſpeak not now of real 
lamps found in tombs, for a reaſon to be told you another time) which diſcloſing 
themſclves upon men's coming in, and conſequently letting in freſh air into vaults, that 
had been very long cloſe, did ſoon after vaniſh. Theſe thoughts, as I was ſaying, bc- 
curred to me upon what I had been relating, by reaſon of the ſudden operation of the 
For though the 
lights reported to have been ſeen in caves quickly diſappeared, which that of our fiſh 


did not; yet that difference might poſſibly proceed from the tenacity, or ſome other 


diſpoſition of the matter wherein the luminouſneſs of the fiſh reſides. For I remem- 
bered that I had more than once obſerved a certain glimmering and ſmall light to be-. 
produced in a fort of bodies upon putting them out of their former reſt, and taking 
them into the air, which ſparks would vaniſh themſelves ſoryetimes within one minutes: 
ſometimes within a few minutes. But as theſe thoughts were but tranſient conjectures, 
ſo I ſhall not entertain you any longer abbur them, but rather contenting myſelf with 
the hint already given, take notice of what may be more certainly deduced from our 
experiment; which is, that: the air may have a much greater intereſt in divers odd 
Phænomena of nature, than we are hitherto. aware of. Pi 
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Axp for confirmation of our experiment I ſhall add, that, having in another receiver 
eclipſed a piece of fiſh that ſhone, when it was put in, more languidly than divers others 
that we had tried, I kept it about three days and three nights in a receiver, which (re- 
ceiver) being ſomewhat like another, at firſt ſuggeſted to me, when I came to take it, 
ſome ſcruple z but afterwards, upon farther examination, concluded it to be the fame : 
wherefore I opened it in the dark, and upon letting in the air on this body, that ſhined 
but faintly at firſt, it immediately recovered its long ſuppreſſed light. And having in- 
cluded another piece; that was yet more faint than this when it was put into the recciver, 
I thought fit to try at once the experiment hitherto confirmed, and the converſe of it. 
And therefore having kept this piece alſo three days and three nights in the exhauſted 
glaſs, I let in the air upon it, and notwithſtanding the darkneſs of the place, nothing of 
light was thereupon revived. But this being little other than [| expected from a body that 
ſhined ſo faintly when it was put into the receiver, an! had been kept there ſo long, 
I reſolved to exerciſe my patience a while as well as my curioſity, and try whether 
the appulſe and contact of the air would have that operation after ſome time, that it 
had not at firſt; and accordingly, after having waited a while, I obſerved the fiſh to 
diſcloſe a light, which, though but dim, was-manifcſt enough; but having conſidered 


it for ſome time, I had not leiſure to watch whether it would increaſe, or how long it 


would continue. 


. I Know not, Sir, whether you are weary with reading, but I am ſure I am quite tired 
with making ſo many experiments upon one ſubject ; and therefore I ſhall here conclude 
this paper, as ſoon J have added this confirmation, as well of what I laſt related, as of 
ſomething that I obſerved before, that having included in ſome receivers two picces of 
rotten whitings, whereof the one, before it was put in, ſcarce ſhone ſo vividly, as did 
the other after the receiver was exhauſted z; and having ordered the matter ſo, that we 
were able to keep out the air for ſome days, at the end of about 48 hours we found, 
that the more ſtrongly ſhining body retained yet a deal of light. But afterwards look- 
ing upon them both in a dark place, we could not perceive in either any ſhow of light. 
Wherefore having let. in the air into that receiver, whereinto the body that at firſt 
ſhined the faintlier had been put, there did not enſue any glimmering of light for a 
pretty while; nay, upon the ruſhing in of the air into the other glaſs (then alſo made 


acceſſible to the atmoſphere) the body that at firſt ſhone ſo ſtrongly, and that continued 


to ſhine ſo long, ſhewed no glimmering of light. But being refolved to expect the iſſue 


a while longer, our patience was rewarded in leis than a quarter of an hour with the ſight. 


of a manifeſt light in the body laſt named ; and a while after the other became viſible, 
but by a light very dim. The more luminous of theſe bodies I obſerved to retain ſome 
light twenty-four hours after: and the hitherto recited experiment had this peculiar cir- 


cumſtance in it, that the two receivers were un-interruptedly kept exhauſted no leſs 


than four days, and as many nights.“ 


— 


* What method the noble author of theſe experiments oed i keeping out the air for ſo long a time, 


will probably be made known ere long by himielf. 
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OBSERVATIONs and T RIAL s about the Reſemblances 
and Differences between a BURNING Coal 
and SHINING Woop. 


Firſt Printed in the Philoſophical Tranſactions, No. XXXII. p. 605. 
For Monday, February 10, 1665. 


HES E particulars were already in our hands, when we publiſhed the experiments 
made on ſhining wood and fiſh, in the laſt papers, imparted then by the ſame noble 
author that thoſe were; but wanted then room enough to contain theſe, which now follow, 


as they were ſent in a letter from Oxford, viz. 


AnD now, Sir, ſecing the want of ſhining wood hath kept me ever ſince I ſent you 
the former experiments from making any new ones on that ſubject, 1 ſhall, by way of 
amends, ſubjoin ſome of the obſervations that I heretofore intimated to you I had made 
of the reſemblances and differences between a live coal and a piece of ſhining wood; in 
peruſing of which you will eaſily diſcern, that to thoſe particulars, which my memory 
and the former obſervations, I had noted down about light and luminous bodies, had 
ſuggeſted to me, I have added ſome that have been afforded me by thoſe late trials 
made in my engine, whereof 1 ſent you an account, 


RESEMBLANCES. 


THe things wherein I obſerved a piece of wood and a burning coal to agree or reſem- 
ble each other, are principally theſe five : | OOO 

1. Both of them are luminaries, that is, give light, as having it (if I may ſo ſpeak) 
reſiding in them; and not like looking-glaſſes or white bodies, which are conſpicuous 
only by the incident beams of the ſun, or ſome other luminous body which they reflect. 

THn1s is evident, becauſe both ſhining wood and a burning coal ſhine the more vividly, 
by how much the place, wherein they are put, is made the darker by the careful exclu- 
ſion of the adventit:ous light, It is true that the moon and Venus appear brighteſt at 
or about midnight, and yet have but a borrowed light; but the difference between 
thoſe planets and the bodies we treat of, in reference to the difficulty we are conſidering, 
is obvious enough, For though the beholder's eye, that looks upon thoſe ſtars, be ad- 
vantaged by being in the dark, which enlarges the pupil of the eye, yet the object itſelf 
is freely expoſed to the beams of the ſun; which, if they were intercepted, thoſe 
Plancts would quickly be darkened, as experience manifeſts in eclipſes. 200 

2. Dot 


Obſervations about the Differences, &c 


2. Both ſhining wood and a burning coal need the preſence of the air, and are too of ſuch 
a denſity, to make them continue ſhining. 

Tuis has been proved as to a coal, by what I long ſince publiſhed in my Phryfico-me- 
chanical Experiments, where I relate how quickly a coal would be extinguiſhed upon the 
withdrawing the air from about it: and as to ſhining wood, the experiments I lately 
ſent you, make it needleſs for me to add any other proof of the requiſiteneſs, not only 
of air, but of air of ſuch a thickneſs, to make its light continue. How far this is applica- 
ble to flame, it is not neceſſary here to determine; though when I have the ſatisfaction 
of ſeeing you again, I may tell you ſomething about that queſtion, which perhaps you do 
not expect. ' 

3. Both ſhining wood and a burning coal, having been deprived for a time of their light, 
by 1 of the contiguous air, may preſently recover it by letting in freſb air 
upon them. 

"T ue former part of this particular, trials have often ſhown you to be true, when 
kindled coals, that ſeem to be extinguiſhed in our exhauſted receivers, were preſently re- 
vived when the air was reſtored to them : and the latter part is abundantly manifeſt by 
the experiments, to which this paper is an appendance, 

4. Both a quick coal and ſhining wood will be eafily quenched by water and many other 
liquors. 

* truth of this, as to coals, is too obvious to need a proof; and therefore I ſhall 
confirm it only as to wood. For which purpoſe you may be pleaſed to take the follow- 
ing tranſcript of ſome of my notes about light, 

I Took a piece of ſhining wood, and having wetted it with a little common water in a 
clear glaſs, it preſently loſt all its light *. 

Txt like experiment I tried with ſtrong ſpirit of ſalt, and alſo with weak ſpirit of ſal 


armoniac z but in both the light did, upon the wood's imbibing of the liquor, preſently 


diſappear. . 

And leſt you ſhould think that in the words, many other liquors, I intended not to 
compriſe any that conſiſt of ſoft and unctuous parts, or that are highly inflammable, I 
ſhall ſubjoin a couple of notes that I find next to thoſe juſt now tranſcribed. 

I MaDe the like trial with rectified oil of turpentine, with a not unlike ſucceſs. The 
ſame experiment J tried more than once with high rectified ſpirit of wine, which did im- 
mediately deſtroy all the light of the wood that was immerſed in it; and having put a 
little of that liquor with my finger upon a part of the whole piece of wood, that thone 
very vigorouſly, it quickly did, as it were, quench the coal, as far as the liquor reached 
nor did it in a pretty while regain its luminouſneſs (which whether it recovered at all, I 
know not; for this trial being made upon my bed, I fell afleep before I had waited 
long enough to finiſh the obſervation). 

5. As a quick coal is not to be extinguiſhed by the coldneſs of the air, when that is greater 
2 5 ſo neither is a piece of ſhining wood to be deprived of its light by the ſame qua- 

ty of air, | 

As much of this obſervation as concerns the coal will be readily granted ; and for 
proot of the other part of it, I could relate to you more trials than one, but that I ſup- 
poſe one may ſuffice, circumſtanced like that which I ſhall now relate. 


From hence you will eaſily gather the reaſon why, when I lately told you of the trial 1 made with a 
piece of ſhining fih under water in the unexhauſted receiver, I did not propoſe to have the like trial made 
with ſhining wood and water, but for this liquor ſubſtituted mercury, 
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1 Took a ſmall piece of ſhining wood, and put it into a lender glaſs-pipe, ſealed at 
one end, and open at the other, and placed this pipe in a glaſs-veſſe], where I cauſed to 


be put a ſtrongly trigorifick mixture of ice and ſalt; and having kept it there full as 


long as I thought would be requiſite to freeze an aqueous body, I afterwards took it 
out, and perceived not any ſenſible diminution of its light. But to be ſure the frigori- 
fick mixture ſhould not deceive me, I had placed by this pipe another almoſt filled with 
water, which I found to be turned into ice; and though I ſuffered the wood to remain 
a pretty while after, expoſed to ſo intenſe a cold, yet when I took it out, it conti- 
nued ſhining, and, if I miſtake not, it ceafed not to do ſo, when I looked on ir, twen- 
ty-four hours after, But though the light of ſhining fiſh be uſually (as far as I have ob- 
lerved) more vigorous and durable than that of ſhining wood; yet I cannot ſay that it 
will hold out againſt cold ſo well as the other. For having ordered one of my ſervants to 
cut off a good large piece of the luminous whiting, and bury it in ice and falt, when I 
called for it in leſs than half an hour after, I found it much ſtiffened by the cold, and to 
have no light, that I could diſcern in a place dark enough. And for fear that this effect 
may have proceeded not barely from the operation of the cold, but alſo from that of 
the ſalt (for which ſuſpicion you would ſee reaſon enough, if I could thew you my trials 
about ſhining fiſh) I cauſed another time a piece of whiting to be put in a pipe of 
glaſs ſealed at one end, and having ſecn it ſhine there, I looked upon it again, after it 
had ſtayed but a quarter of an hour, by my eſtimate, in a frigorifick mixture, which 
the glaſs kept from touching the fiſh; and yet neither I, nor a youth that I imployed 
to look on it, could perceive in a dark place, that it retained any light; which whether 
the cold had deprived it of by that great change of texture, that the congelation of the 
aqueous juice of the fiſh (which I have ſeveral times obſerved to be luminous) may be 
ſuppoſed to have made in the body invaded by it; or whether the effect depend more 
principally on ſome other cauſe, I ſhall not now examine, : 
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1. The fir/? difference I obſerved betwixt a live coal and ſhining wood, is that whereas 
the light of the former is readily extinguiſbable by compreſſion (as is obvious in the practice 
F ſuddenly extinguiſhing a piece of coal by treading upon it) I could not find that ſuch a 
compreſſion as I could conveniently give, without loſing fight of its operation, would put out 
or much injure the light even of ſmall fragments of ſhining wood: one of my trials about 
which I find thus ſet down among my notes about light. . 

I Took a piece of ſhining wood, and having preſſed. it between two pieces of clear 
glaſs (whereof the one was pretty flat, and the other convex) ſo that I could clearly 
ſee the wood through the glaſs, I could not perceive that the compreſſion, though it 
itometimes broke the wood into ſeveral fragments, did either deſtroy or conſiderably 
alter the light. ; 

T a1s experiment I repeated with the ſame ſucceſs. But what a ſtronger or more 
laſting compreſſion may do in this caſe, I had not opportunity to try. 8 

2. The next unlikeneſs to be taken notice of betwixt rotten wood and a kindled coal is, 
that the latter will in a very fer» minutes be totally extinguiſhed by the withdrawing of the 
air; whereas a piece of ſhining wood, being eclipſed by the abſence of the air, and kept ſo 


for a lime, will immediately recover ils light, if the air be let in upon it again within an 
hour ofter it was firjfi Wit «drawn. 


Tux 


a Burning Cal and Shining od. 


TRE former part of this obſervation is eaſily proved by the experiments that have 
been often made upon quick coals in the pneumatical engine; and the truth of the lat- 


ter part appears by an experiment about ſhining wood made by us in October laſt. Nei- 


ther is it unprobable that if I had had the conveniency to try it, I ſhould have found 
that a piece of ſhining wood, deprived of its light by the removal of the ambient air, 


would retain a diſpoſition to recover it upon the return of the air, not only for half an 


hour (which is all that I lately aſſerted) but for half a day, and perhaps a longer time. 

3. The next difference to be mentioned is, that a live coal being put into a ſmall cloſe 
glaſs will not continue to burn for very many minutes, bul a piece of ſhining wood will con- 
tinue 10 ſhine for ſome whole days. | | 

Tus firſt part of the aſſertion I know you readily grant; and the rather, becauſe 
it contains matter of fact, without at all determining, whether the coal's not continuing 
to burn proceeds from its being, as it were, ſtifled by its own ſmoak and exhalations 
(which can have no vent in a ſmall cloſe glaſs) or from the want of freſh air, or from 
any particular cauſe, which I muſt not here debate; though I have ſometimes made ex- 
periments ſomewhat odd, to facilitate that enquiry. The other part of our obſervation 
may be eaſily made out by what I tried upon ſhining wood, ſealed up hermetically in 
very ſmall glaſſes, where the wood did for ſeveral days (though I remember not preciſcly 
how many) retain its light. 


4. A fourth cifference may be this; that whereas a coal, as it burns, ſends forth ſtore 
of ſmoke or exhalations, luminous wood does not ſo. | 


5 A fifth, flewing from the former, is, that whereas a coal in ſhining waſies itſelf at 
a great rate, ſhining wood does not. 

THrtxst two unlikeneſſes I mention together, not only becauſe of their affinity, but 
becauſe what concerns the coal in both, will need no proof; and as for what concerns 
rotten wood, it may be verified by an obſervation, that, I find by my notes, I made in a 
ſmall clear glaſs ; where, after it had continued lumincus ſome days, I looked on it in 
the day-time to perceive if any ſtore of ſpirits or other ſteams had, during all that while, 
exhaled from the wood; but could not find any on the inſide of the glaſs, fave that in 
one place there appeared a kind of a dew, but conſiſting of ſuch very ſmall drops (if at 
leaſt their ſize were not below that name) that a multitude of them would go to the 


making up of one ordinary drop. But in pieces of ſhining fiſh I ſound the caſe much 


otherwiſe, as was to be expected. 


6. The laſt aifference T ſhall take notice of betwwixt the bodies hitherto compared, is, that 
a quick coal is attually and vehemently hot; whereas I have not ebſerved ſhining wood to be 
fo much as. ſenſibly lukewarm. 

War 1s ſaid of the coal's heat being as manifeſt as its light, I ſhall need only to 
make out what relates to the ſhining wood. To aſſiſt me wherein, I mett among my 
notes that, whole tranicript I ſhall ſubjoin, when I have premited that (it my memo: y 
do not deceive me) the piece of wood to be mentioned was one that ſhone to vividiy, 
that waking in the night ſome hours before I tried it, and perceivirg, as it lay near me 
on the bed, ſhow luminous it was, I was invited to reach out to a place near the bed's- 
head, where there ſtood ſeveral books, and laying the wood on that which came to 
hand, I could diſcern by the light of it, that the book was an Hebrew bible, and that 
of the page I lighicd on, the wrong end was turned upwards: to which intimation 
having added, that the little glaſs inſtrument, mentioned in then te, is {ach an on 
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you may find Geſcribed in my preliminaries to the hiſtory of cold, fave that part of this 
was a little bending inward at the baſis, that it may ſometimes ſtand by itfelf, and 
lometimes receive a ſmall body into the dimple at its balis z having, 1 tay, premited 


this, 
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this, and that as ſhining wood did not feel at all warm to me, ſo I alſo found ſhining 
fiſh palpably cold, I ſhall conclude your trouble with the premiſed note, which ſpeaks 
thus : ITT 

[LevuT upon a large piece of wood which was af ſhining, and, as near as I could, 
upon one of the moſt luminous parts of it, one of thoſe thermoſcopes that I make with 
a pendulous drop of water. But as I had formerly tried, that by laying the tip of my 
noſe or finger upon it, when it ſhone vividly enough to enable me to diſcern both the 
one and the other, at the time of contact I could not perceive the leaſt of heat, but 
rather an actual coldneſs; ſo by this trial I could not ſatisfy myſelf that it did viſibly 
raiſe the pendulous drop, though the inſtrument were ſo tender, that by approaching 
one finger near it, yet without actually touching of it, it would manifeſtly be impelled 
up, and upon the removal of my finger, would preſently deſcend again.] 

Anp I remember, that having put ſuch an inſtrument upon a ſhining fiſh that was 
pretty large, I could not perceive that it had any degree of heat, but rather the con- 
trary. For having divers times taken off the glaſs to apply it with the more advan. 

tage to ſeveral parts of the luminous fiſh, I divers times (for I remember not whe- 
ther it were always) took notice that upon the removal of the glaſs into the air, the 
pendulous drop would manifeſtly rife a little, and ſubſide again, when the glaſs was 


applied to the fiſh. But whether this part of the experiment will hold in all tempera- 
tures of the air, I had not opportunity to try. 
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AVING at the beginning of the treatiſe, whereof this is a continuation, ac- 
quainted my readers with ſeveral things that belong, in common, as well to 
the following experiments, as to thoſe there publiſhed; it will not be neceſ- 
ſary for me to trouble the reader with a repetition of what he may have met 

with there already, nor to acquaint him in this addreſs with any other particulars than 
thoſe that concern the experiments I am now about to preſent him. 

I doubt not but it will be remembered by ſome, that I ſeemed in the above- men- 
tioned book to have promiſed a ſecond part to it, or a large appendix to it; but inti- 
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mations of that kind do many times reſpect only the thing itſelf, leaving the giver of 
them tree in point of time; and I wanted not ſufficient inducements to delay a while to 
perform my promiſe, if I made any. I had, indeed, partly before the book already 
referred to came from the preſs, and partly ſome time after, made divers other trials, 
in order to a ſupplement of it: but being obliged to make ſome journeys and removes, 
which allowed me no opportunity to proſecute the experiments, I had made no ver 
great progreſs in my deſign before the convening of an illuſtrious aſſembly of virtuoſi, 
which has fince made itſelf ſufficiently known under the title of THñE RovAL Socigrv. 
And having then thought fit to make a preſent, to perſons ſo like to employ it well, of 
the great engine I had then made ule of in the phylico-mechanical experiments about 
the air; and being unable afterwards to procure another ſo good, I applied my ſtudies to 
other ſubjects, and gave over, for a great while, the care of making more experiments 
of that kind ; and the rather, becauſe that finding by the very favourable reception thoſe 
1 had publiſhed had met with among the curious in ſeveral parts of Europe, that they 
were like to be conſidered and peruſed, I thought I might ſafely leave the proſecution of 
them to others, who would probably come more freſh and untired to ſuch an exerciſe of 
their curiolity. | | i 9 2 | 
Bur obſerving that the great difficulties men met with in making an engine that 
would exhauſt and keep out a body fo ſubtle as air, and ſo ponderous as the atmoſphere 
(beſides, perhaps, ſome other impediments) were ſuch, that in five or ſix years I could 
hear but of one or two engines that were brought to be fit to work, and of but one or 
two new experiments that had been added by the ingenious owners of them; I began 
to liſten to the perſuaſions-of thoſe that ſuggeſted that unleſs I reſumed this work my- 
ſelf, there would ſcarce be much done in it. And therefore having (by the help of other 
other workmen than thoſe I had unſucceſsfully employed before) procured a new engine, 
leſs than the other, and differing in ſome circumſtances from it, we did (though not 
without trouble enough) bring it to work as well as the other, and, as to ſome pur- 
oſes, better; and having once got this, I made haſte to try with it thoſe experi- 
ments that belonged to the deſigned continuation, and do now make up this book. 
I Hor that to ſuch readers. as the following papers are principally intended for, I ſhall. 
not need to make an apology either for the plainneſs of my ſtile (wherein I aimed at per- 
ſpicuity, not eloquence) or for my not having adorned or ſtuffed this treatiſe with autho- 
rities, or ſentences of claſſic authors, which I had neither the leiſure to ſeek, nor thought 
1 had any great need to employ, though it had been far more eaſy, than perhaps it would 
have proved, to borrow from them things that would have been very proper to a 
treatiſe, where my main deſign was to make out, by practical experiments, divers 
things, among others, that have not hitherto been advantaged by that way of proba- 
tion, nor perchance thought very capable of it; ſo that I ſhall have obtained a great 
part of what I aimed at, if I have ſhewn that thoſe very phenomena, which the ſchool- 
p1/oſophers. and their party urge, and fometimes triumph in, as: clear proofs of na- 
ture's abhorrency of a vacuum, may be not only explicated, but actually exhibited, 
iome by the gravity, and ſome allo by the bare ſpring of the air; which latter I now 
mention as a Ciſtin& thing from the other; not that I think it is actually ſeparated in 
theſe trials (ſince the weight of the upper parts of the air does, if I may fo ſpeak, bend 
the ſprings of the lower) but becauſe that having in the already publiſhed experiments, 
and even in ſome of theſe, manifeſted the efficacy of the air's gravitation on bodies, I 
thought fit to make it my taſk in many of theſe, to ſhew that moſt of the ſame things 
that ate done by the preſſure of all the ſuperincumbent atmoſphere acting as a weight, 


may, 
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may be likewiſe performed by the preſſure of a ſmall portion of air, included indeed (but 
without any new compreſhon) acting as a ſpring. | 

Tux preſent fiſt part of our continuation might, I confeſs, have been, not inconve- 
niently, divided into two parts. . For firſt, it contains ſome experiments that are already 
related in the printed book, though they be here ſo repeated as to be confirmed, illuſ- 
trated, or improved, by being. reiterated either with better inſtruments, or with better 

ſucceſs, than when they were made in my large receiver, which holding (if I miſre- 
member not) about eight gallons, could not eaſily be ſo well exhauſted as thoſe ſmall 
receivers I often ſince employed, And ſecondly, the other, and far more numerous 
ſort of experiments, related in this firſt part, are new, and ſuperadded. And yer I for- 
bear to aſſign cach of theſe two ſorts a place by itſelf, becauſe I could not conveniently 
ſet down my trials otherwiſe than as they came to hand among my notes; and I con- 
ſidered that in divers places the new ones and the old ones being mentioned together, 
might ſerve by their neighbourhood to illuſtrate or confirm each other. And how- 
ever, at another edition of our Continuation, it will be a very ealy taſk, if it appear to 
be a requiſite one, to give the improvements of the former experiments, and the ſuper- 
added new ones, diſtinct titles and places. 

As for the mechanical contrivances I employed in making the following experiments, 
though moſt of them have had the good fortune to meet with an approbation, and 
ſome of them with more than that, from no mean virtuoſi and mathematicians, yet as 
expect that critical readers will judge that in ſome experiments more artificial inſtru- 
ments might have been made uſe of, ſo I hope that they will not look upon thoſe I was 
reduced to employ, as always the beſt that ever I could have directed, ſince it ſufficiently 
appears by divers paſſages of the following experiments, that they were not made at Lon- 
don, but in places where the want of a glaſs-houſe, and other accommodations reduced 
me to make my trials not after the beſt manner I could deviſe, but in the beſt way I 
could then and there put in practice. And let me add on this occaſion, to what I have 
elſewhere ſaid to the like purpole, that it is both a great diſcouragement to many inge- 
nious men, and no ſmall hindrance to the advancement of natural philoſophy, that 
ſome nice criticks are ſo cenſorious in exacting from attempters the very beſt contri- 
vances, and many that would be attempters, ſtand too much in awe of ſuch mens judg- 
ments; for though in very nice experiments the exactneſs of inſtruments is not only 
defireable and uſeful, but, in ſome caſes, neceſſary ; yet in many others, where the 
production of a new phenomenon is the thing aimed at, they are to be looked upon 
as benefactors to the hiſtory of nature, that perform the ſubſtantial part of a diſcovery, 
though they do it not by the molt eaſy and compendious ways deviſcable, or attain 
not to the utmoſt preciſeneſs that might be wiſhed, and is poſſible. For ſuch per- 


formances, notwithſtanding their being ſhort of perfection, make diſcoveries to the 


world of new and uſeful things; which though others, that are more lucky at contri- 
vances, and have better accommodations, may compaſs by more compendious ways, or 
with greater preciſeneſs, yet ſtill the world is beholden to the firſt diſcovery for the 
improvement of it, as we are to Archimedes for the firſt deviſing a way to find, by 
weighing bodies in water, how much gold or how much filver a mixture of thoſe me- 
tals does contain, though (if hiſtorians have nor irjured that great man in the relation) 
he went a more laborious and leſs accurate way to work than modern hydroſtatians, 
who (as I elſewhere ſhew) may perform the ſame thing by a far better way, which yet, 
probably, we ſhould not have thought of, if that attributed to Archimedes had not pre- 

ceded and afforded us a fundamental notioa. And that the not being fo dexterous at 


contriving the ways to effect a thing, is no ſure argument that a man has not a true and 
Vol. III. | ſolid 
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ſolid knowledge of it, we may eaſily learn from Euclid, whom our geometricians gene- 
rally and juſtly acknowledge to be their maſter, and to have enriched the world with 
many uſeful truths, and ſolidly demonſtrated all his propoſitions, though divers of his 
modern commentators have found out more compendious ways for effecting ſeveral of 
his problems, as well as of demonſtrating divers of his theorems, eſpecially ſince the 
excellent invention of ſpecious algebra, by whoſe help that accurate mathematician 
Dr. Wallis has, beſides other ſpecimens upon intricate propoſitions, clearly demonſtrated: 
the ten firſt and for the molt part perplexing theorems of the fecond element, in little 
more than as few lines. In ſum, in experiments that are very nice, accurate contri- 
vances and inſtruments are induſtriouſly to be ſought, and highly to be valued ; and even 
in ſuch other experiments, as are frequently to be reiterated, the moſt commodious and 
ealy ways of performing them are very deſireable: but thoſe practical compendiums, 
though very welcome to them that would repeat trials, are not ſo important to the ge- 
nerality of readers, as being but uſeful to fave pains, not neceſſary to diſcover truths, 
to which men may oftentimes do good ſervice without any peculiar gift at mechanical 
contrivances, fince in moſt caſes they may be looked upon as promoters of natural phi- 
loſophy, who deviſe experiments fit to diſcover a new truth, if the attempt ſucceeds, 
and propoſe ways of bringing it to trial, which, though perhaps not the moſt ſkilful or 
expeditious, are yet ſufficient and practicable, the increaſe of phyſical knowledge be- 
ing the product of the things themſelves that are diſcovered, whatever were the inſtru- 
meats men employed about making the diſcoveries. 

As for the cuts I endeavoured to make their relations and deſcriptions of moſt of the 
experiments ſo full and plain, as to need as few ſchemes as might be to Hluſtrate them : 
but though I hope that they who either were verſed in ſuch kind of ſtudies, or have any 
peculiar facility of imagining, would well enough conceive my meaning only by words; 
yet leſt my own accuſtomance to deviſe ſuch trials, and to ſee theſe made, ſhould make 
me think them more eaſily intelligible than moſt readers will find them, I adviſed with 
a learned friend or two, fit to be conſulted on ſuch an occaſion, what experiments were 
requiſite to be illuſtrated with diagrams, and to fuch I took care they ſhould be an- 
nexed. Only I forbore to add to the figure of each inſtrument alphabetical explica- 
tions of its parts, as judging that troubleſome work leſs eaſy for me, than it would be 
tor ſuch readers as this tract is deſigned for, to underſtand what is delivered by the 
help of a little attention in conferring the ſchemes of the inftruments with the verbal ac- 
counts of the experiments they relate to. But there is one particular about the cuts may 
require both to be given notice of and excuſed ; which is, that having occaſion to alter 
the method of my experiments, when I began to- foreſee that I ſhould be obliged to 
reſerve divers things for another opportunity; and being myſelf abſent from the en- 
graver for a good part of the time he was at work, ſome of the cuts were miſplaced, 
and not graven in the plates, in which, according to the preſent ſeries of experiments, 
they might moſt properly have been pur. 

Bor perhaps I may (for I am not ſure of it) more need the reader's pardon for (un- 
knowingly) troubling him in this continuation with ſome paffages, that he may have 
already met with in the book it refers to; which, though I had not read over for ſome 
years before, I chanced not to have at hand, when divers of the following papers were 
written; and though afterwards I recovered it, yet the indiſpoſition of my eyes made 
me think it unfit rather to tire them by reading over the whole book, than to' truſt 
ro the reader's good nature (in caſe I ſhould need it) for the pardon of a few unintended 
rc petitions. | 
I pour 


7 PREFACE. 


I pov not many readers will be inquiſitive to know why this treatiſe is ſtiled the 
firſt part of a Continuation. To give theſe ſome account of the title, I muſt put them 
in mind, that in the already publiſhed experiments I intimated that two ſorts of trials 
might be made by the help of our engine: the one, ſuch as necded but a ſhort abſence 
of the air, and the other ſuch as required that the air ſhould not only be withdrawn for a 
while, but kept out for a conſiderable time, from the bodies whereupon the trial is made, 
Of the former ſort of experiments are theſe this preſent book does (as well as that hereto- 
fore publiſhed did) conſiſt of. And though I have been fo much called upon, and 
troubled for certain writings, whereof I have made ſuch mention in thoſe that paſſed 
the preſs, as ſome readers interpreted to be an engagement, that it made me think fir, 
when I ſatisfied their demands, to be thenceforward very ſhy of making the publick 
any promiſe ; yet I was induced not to alter the title of this treatiſe, partly becauſe it 
may intimate to the curious, that there are yet a great many things to be performed by 
our engine, beſides the productions of it I have hitherto preſented them; and partly be- 
cauſe though 1 ſtill perſiſt in my former averſeneſs io make promiſes to the world; yet it 
is very poſſible, that if God grant me life and health, I may, in due time, preſent my 
friends with what may ſerve for a ſecond part of our Continuation, conſiſting of expe- 
riments that require a longer abſence of the air from the bodies to be wrought upon : 
and I ſhall think if this firſt part prove not unacceptable to the curious, that the latter 
will be not unwelcome to them, as being deſigned to conſiſt of ſets of experiments, 
which by their being moſt of them new, and ſome of them odd enough, may per- 
chance afford ſome not deſpicable hints to the ſpeculative. But the very nature of theſe 
experiments requiring that ſome of them ſhould be long in making, my friends could 
not reaſonably expect a quick diſpatch of work of this kind, though I ſhould not meet 
for the future with ſuch intervening impediments, as have hitherto diſturbed it (as 
want of inſtruments, of health, of leiſure, and of the liberty, which is ſo requiſite in 
this caſe, of ſtaying long enough in one place) : notwithſtanding all which difficulties I 
have by ſnatches been able, through God's bleſſing, to make forty or fifty of deſigned 
trials, being ſuch as require the leaſt of time to be performed in, though I now think 
not fit to mention any of them, as well for other reaſons, as becauſe though they be 
made by the help of our engine, yet they require a peculiar apparatus of inſtruments, 
very differing from thoſe we have hitherto mentioned, and not to be intelligibly de- 
ſcribed without many words and divers figures. In the mean time, left the induſtrious 


ſhould be diſcouraged by a ſurmiſe, that there is nothing left for them to do by the help 


of our engine, at leaſt as to the firſt ſort of experiments, I ſhall inform them, that I had 
thoughts to have added divers others of that kind to theſe that now come forth, and 
particularly two cluſters of pneumatical trials, the one about reſpiration, and the o:her 
about fire and flames; but —— of my notes and obſervations being at preſent out of 
the way, my having neither health nor leiſure to repair theſe inconveniencies, and pro- 
ſecute trials of that ſort with any aſſiduity, makes me chuſe rather to reſerve them for 
an appendix, than to make thoſe that now come abroad ſtay for them; which will 
not, I preſume, be the more diſliked, becauſe by taking this courſe I may, in deliver- 


ing of the phænomena of nature, imitate nature herſelf, of whom it is the Roman phi- || 


lolopher's ſaying, rerum natura ſacra ſua non ſimul tradit. 
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Some ADVERTISEMENTS rouching the ENGINE it/elf. 


HOUGH the engine already publiſhed, and that which I employed in the fol- 
lowing trials, have the ſame ules, and agree both in the ground and the main 
part of their conſtruction, yet they differ in ſome particulars fit to be taken notice of: 
tor after I had preſented the great engine I formerly made uſe of to the Royal Society, 
partly the dificulty of procuring ſuch another of that ſize and make, and partly the 
deſire of making ſome improvements, invited me to make ſome alterations in the ſtruc. 
ture; ſome of them ſuggeſted by others (eſpecially by the ingenious Mr. Hook) and 
ſome of them that 1 added myſelf, as finding that without them I could not do my 
work. Wherefore it will not be amiſs to point at the chief differences between the for- 
mer and the latter engine, and to intimate ſome of the conveniences and inconveniences. 
that attend them. | 
As for the conſtruction of the ſecond engine itſelf, fince it is preſumed that the read- 
ers of this book have already peruſed that of which this is a Continuation, and under- 
ſtood the contrivance of the inſtrument that belongs to it, it was preſumed ſufficient 
to exhibit in the firſt plate the delineation of the entire engine ready to be ſet at work; 
and in the ſecond, the figure of the ſeveral metalline parts, that compoſe it, before they 
are ſet together. For though theſe have not verbal and alphabetical explications annexed 
to them, yet the fight of them may ſuffice to make thoſe that have an imagination fitted 
to conceive mechanical contrivances, and are acquainted with the former engine,. com- 
prehend the ſtructure of this; which alphabetical explications would ſcarce make ſuch 
readers do, as are not ſo qualified: only two things there are, which being of ſome 
difficulty, as well as of importance to be conceived, I ſhall here particularly. take no- 
tice of, The firſt of them is, that in regard the ſucker is to be always under water, 
and the perforation p q, that paſſes perpendicularly quite through it, and ſerves together 
with the ſtick 7 s for a valve, is to be ſtopt at the bottom of the cylinder, as at x a, 
when it is full of water, it was requiſite to make the ſtick r p of a conſiderable length, 
as two or three feet. The other and chief thing is, that in the ſecond plate, the pipe 
A B, whoſe end B bends upward, is made to lie in a groove or gutter purpoſely made 
in the flat wooden board c d e 5, on which the receivers are to reſt; which ſquare 
board I cauſed to be overlaid with very good cement, on which I] took care to apply 
a ſtrong plate ef iron, of the bigneſs and ſhape of the board, leaving only a ſmall 
hole for the erected part of the pipe to come out at, which I added, not only to keep 
the wooden board the better from warping, but becauie I knew (what will perhaps be 
thought ſtrange) that the preſſure of the atmoſphere on one (ide of the board, when 
there is no preſſure, or but very little, on the other, will enable many aerial particles 
to ſtrain through the very wood, though of a good thickneſs, and imbued with oil to 
choak the pores, To this iron plate we ſometimes fit a lip turning up about it, to hin- 
Ger the water that on ſome occaſions will come from the receiver from falling on the 
room; and (to add that upon the by) though che ſtop-cock g h i k, that belongs to 
the hitherto mentioned pipe, may be inſerted at J, into the barrel or cylinder / m o, 
by the help of ſoder, yet we choſe as a much better way to have the branch 7, mer 
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touching the Engine itſelf. 


ſtop-· cock, made like a ſcrew, which being once firmly ſcrewed into the barrel, is 
not apt to be broken off, and may be more eaſily mended, if any thing happen to be 
out of order, which the engine is the moſt liable to be in or about the pipe ; partly 
becauſe it may fall out (though but very rarely, if due care be but taken) that the air 
will inſinuate itſelf between the wooden board and the iron-plate, and ſo get up 
(where the pipe bends upwards) into the cavity of the receiver; and partly becauſe 
the pipe being for a juſt reaſon made but ſlender, and the part of it that looks up- 
wards very ſhort, it happens not very unfrequently, that when we imploy receivers 
with narrow orifices, where the cement muſt lie cloſe to the opening of the pipe, it 
happens, I ſay, that the cement, eſpecially if it be much ſoftened by heat, is ſucked (as 
they ſpeak) into the pipe, and ſo choaks it up; or elſe that ſome part of the body in- 
cluded in the receiver is drawn to the orifice of the pipe, and lying upon it as a cover 
hinders the free paſſage of the air into the barrel; againſt which inconvenience, 
to add that upon the by, we uſe amongſt other expedients to place juſt about the 
orifice of the pipe a ſmall cover of tin, like that of a little box, which covers it at the 
top, to hinder any thing from lying immediately upon the pipe, and has a imall opening 
or two in the ſide, to give the air of the receiver free acceſs to the pipe. 

Tux ſquare and hollow wooden part of this engine, diſcernible in the firſt plate, is 
ſo made, that it may contain not only the cylinder, but fo much water as will always 
keep the cylinder quite covered with that liquor; by which means the ſucker, lying 
and playing always under water, is kept ſtill turgid and plump, and the water being 
ready at hand to fill up any little interval or chink that may happen to be between the 
ſucker and the inſide of the barre], together with the newly mentioned plumpneſs ct 
the ſucker, very much conduce to the exact keeping out of the air. But this advan- 
tage is not without ſome inconvenience ; for divers times, if great care be not taken in 
turning the ſtop-cock, the water will be impelled into the receiver, and much preju- 
dice ſundry experiments, when the included bodies are ſuch that may be ſpoiled or im- 
paired (at leaſt for the preſent) by that liquor. The ſmallneſs of our cylinder is a con- 
venience in regard of the facility it affords to make and diſpatch thoſe many expt ri- 
ments that may be performed in ſmall receivers, though it make thoſe more trouble- 
ſome and tedious that require the exhauſtion of large and capacious ones. 

THe flat plate (mentioned a little above) has this great conveniency in many expe- 
riments, that the receiver necds no ſlop cock of its own ; for ſuch a veſſel being made 
all of an entire piece of g'a's, and whelmed cn upon the plate well covered with: 
cement, can better keep out the air, than if there were a ſtop-cock, at which the air 
does but too frequently get in: but beſides that in divers experiments ſuch receivers do 
uſually require to be wide mouthed, whicreby a greater compaſs is to be fenced againſt 
the ingreſs of the air, ſeveral experimer.ts cannot fo conveniently be tried in this ſort of 
receiver. | 
Hour becauſe that though this ſecond form of our engine hath as to ſeveral purpoſes 
its peculiar conveniences and advantages, yet ſome virtuoſi may be furniſhed with the 
other already, and ſome may conceive it the more clearly of the two, or may judge it 
preferable for their particular deſigns ; I ſhall here intimate, that for moſt of the ex 
periments, if not all, that follow in this treatiſe, they may make uſe of, or at lealt 
make a ſhift with the firſt engine, with a few altera ions; whereof the chief is to be this, 
that to the upper part of the great cylinder, on the ſide oppoſite to the i:on tack, 
there is to be ſaſtened ſuch a ſquare board, and ſuitable iron-plate, as is uſed in the te- 
cond engine, betwixt which board and plate is to be lodged ſuch a pipe as was lately 
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Plate of iron, is a thing of no ſmall moment in making the following experiments, of 


Some Advertiſements, &c. 


deſcribed, between either a continuation of the outward branch of the ſtop-cock, or 
elſe firmly faſtened to it by ſodering or ſcrewing ; for by this means when the ſucker is 
depreſſed, the air will through the cavity of this pipe, and the ſtop-cock whereto it is 
annexed, paſs freely by virtue of its ſpring, out of the receiver into the exhauſted 
cylinder; though this and the ſucker that moves in it, being not kept, as in the ſecond 
form of the engine, under water, the greater care will be needed to keep the air from 
inſinuating itſelf between them. A good cement to faſten the receivers to the often mentioned 


which we imploy differing compoſitions for differing purpoſes, ſome of which are nor 
neceſſary to be mentioned in that part of this work that now comes forth ; but thar, 
which in almoſt all the following trials we chiefly make uſe of, is a well wrought mix- 
ture of yellow bees-wax and turpentine, which compoſition, as it ſerves better than 
moſt others to keep out the air, ſo it has the conveniency, which is no ſmall one, of 
ſeldom needing to be heated, and ſeldomer to be much ſo; eſpecially if we imploy a 
little more turpentine in winter than in ſummer, in the former of which ſeaſons, as 
much, or very near as much of that ingredient as of the wax does well, whereas in ſum- 
mer a mixture of three parts of wax to about. two of turpentine is more proper, 
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A CONTINUATION OF 


NEW EXPERIMENTS 
PHYSICO-MECHANICAL, 


TOUCHING THE 


SPRING and WEIGHT or Taz AIR, AND THEIR EFFECTS. 


My Dear Lok p, 


SINCE I have already in proper places of the phyſico-mechanical experiments about the 
air, which I formerly preſented your lordſhip, given you a ſufficient account of ſeveral 
things touching the ſcope, occaſion, &c. of my attempt; it will not be neceſſary to 
make a ſolemn preface to the enſuing experiments. And therefore preſuming upon 
an acceptance which the favourable entertainment which your lordſhip, as well as the 
publick, was pleaſed to give my firſt trials of this kind, encourages me to expect I 
ſhall, without troubling you with any further preface, immediately fall upon a conti- 
nuation; eſpecially ſince your lordſhip will perhaps wonder that you have not received 


it much ſooner, as indeed you ſhould have done if I had been befriended with accom- 
modations and leiſure. 


EXPERIMENT I. 


About the raiſing of mercury to a great height in an open tube, by the ſpring of a little 
| included air. | 


IVERS ways have been propoſed to ſhew both the preſſure of the air, as the 
atmoſphere is a heavy body, and that the air, eſpecially when compreſſed by out- 
ward force, has a ſpring that enables it to ſuſtain or reſiſt a preſſure equal to that of as 
much of the atmoſphere as can come to bear againſt it; and alſo to ſhew that ſuch air 
as We live in, and is not condenſed by any human or adventitious force, has not only a 
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reſiſting ſpring, but an active ſpring (if I may ſo ſpeak) in ſome meaſure, as when it 
diſtends a flaccid or breaks a full-blown bladder in our exhauſted receiver. 

Bur obſerving that there ſeems to want a viſible experiment to convince thoſe that 
are not ſo eaſily ſatisfied with reaſons, though drawn by juſt conſequence from phy ſical 
or mechanical truths, or even from other experiments; taking notice, I ſay, hereof, I 
made the following experiments ; not ſo much to prevent or remove a ſcruple no better 
grounded, as to have a new way of making an eſtimate by ſome known and determi- 
nat: meaſure of the force of the bare ſpring of the air, both in its natural ſtate (as it is 
ſaid to be, when not compreſſed nor rarefied more than the free air we breathe) and 
according to its ſeveral degrees of expanſion, | 

We to »k then a phial with a neck not very large; and having filled about a fourth 
part of it with quick- ſilver, we ſo erected and faſtened a long and ſlender pipe of glaſs, 


opened at both ends in the neck of the phial, with hard ſealing-wax, that the lower end 


reach: d almoſt to the bottom of the quick- ſilver, and the upper more than a yard above 
the phial ; then having blown in a little air, to try whether the inſtrument did not leak, 
(which it is very difficult to keep ſuch inſtruments from doing) we conveyed it into a 
long and ſlender receiver fit for ſuch an uſe; and having withdrawn the air as well as 


See Plate we could, we found, according to our expectation, that the ſpring of the air, included 


III. Fig.. in the phial, impelled up the quick - ſilver into the erected pipe, to the height of 25 


inches; and having ſuffered the external air to return into the receiver, the quick ſilver 
ſubſided in the tube, ſometimes almoſt, and ſometimes quite as low as the ſtagnant 
quick-ſilver in the phial. 

For the better illuſtration of this experiment, thus ſummarily related, but with the 
like ſucceſs, as to the main, ſeveral times repeated, we will ſubjoin the following obſer- 
vations and notes : 

I. Thar we tried this experiment ſeveral times, and the laſt time in the preſence of 
the famous Savilian geometer, Dr. Wallis, who ſaw the quick- ſilver in the pipe impelled 
up to 27 inches, being one himſelf of the meaſurers. And though at other times we 
found it to be much about the ſame height with the laſt, yet once it ſeemed plainly to 
be a pretty deal higher; which yet we ſpecified not, becauſe a miſchance took off the 
mark which we had made to meaſure the height by. 

II. Havine once, to try the ſtanchneſs of the phial, blown in ſo much air (without 
taking out any thing as we uſe to do in the like caſe) that the air in the cavity of the 

hial raiſed and kept the quick-filver three inches high in the pipe, when we went on 
with the reſt of the experiment, according to the way above deſcribed, we found, by 
emptying the receiver of air, that we were able to raiſe the quick ſilver in the cane 30 
inches, or ſomewhat above that in the phial. 

III. SomMETIMEs it may happen that the mercury, when taken very ſoon out of the 
receiver, will not appear to have ſubſided to its firſt lowneſs, which perhaps it will not 
ſink to in ſome while after; which is not to be wondered at, ſince in ſuch a receiver, 
which contains but little air, the heat of the cement and the iron imployed to melt it 
quite round the receiver, may impart a little warmth to the air in the phial, which will 
after return to its former temper. But this accident 1s neither conſtant nor neceſſary to 
the experiment. | 

IV. Ir is very remarkable, that if the receiver be ficly ſtopped and ſlender enough, 
upon the turning of the ſtop- cock, to let out the air at the firſt exſuction, the mercury 
will be impelled up by the ſpring of the air in the phial, ſuddenly flying abroad or 
ſtretching itſelf, ſo that it will be raiſed ſeveral inches above the height it will reſt at 
afterwards, and will make ſeveral vibrations up and down before it come to ſettle, juſt s 
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reſiſting ſpring, but an active ſpring (if I may ſo ſpeak) in ſome meaſure, as when it 
diſtends a flaccid or breaks a full-blown bladder in our exhauſted receiver. 

BuT obſerving that there ſeems to want a viſible experiment to convince thoſe that 
are not ſo eaſily ſatisfied with reaſons, though drawn by juſt conſequence from phyſical 
or mechanical truths, or even from other experiments; taking notice, I ſay, hereof, I 
made the following experiments; not ſo much to prevent or remove a ſcruple no better 
grounded, as to have a new way of making an eſtimate by ſome known and determi- 
nat: meaſure of the force of the bare ſpring of the air, both in its natural ſtate (as it is 
ſaid to be, when not compreſſed nor rarefied more than the free air we breathe) and 
according to its ſeveral degrees of expanſion, | 

We to »k then a phial with a neck not very large; and having filled about a fourth 
part of it with quick- ſilver, we ſo erected and faſtened a long and lender pipe of glaſs, 
opened at both ends in the neck of the phial, with hard ſcaling-wax, that the lower end 
rcach:d almoſt to the bottom of the quick-ſilver, and the upper more than a yard above 
the phialz then having blown in a little air, to try whether the inſtrument did not leak, 
(which it is very difficult to keep ſuch inſtruments from doing) we conveyed it into a 
long and lender receiver fit for ſuch an uſe; and having withdrawn the air as well as 


See Plate we could, we found, according to our expectation, that the ſpring of the air, included 
III Fig. in the phial, impelled up the quick - ſilver into the erected pipe, to the height of 25 


inches; and having ſuffered the external air to return into the receiver, the quick ſilver 
ſubſided in the tube, ſometimes almoſt, and ſometimes quite as low as the ſtagnant 
quick-ſilver in the phial. 

For the better illuſtration of this experiment, thus ſummarily related, but with the 
like ſucceſs, as to the main, ſeveral times repeated, we will ſubjoin the following obſer- 
vations and notes : | 

I. Thar we tried this experiment ſeveral times, and the laſt time in the preſence of 
the famous Savilian geometer, Dr. Wallis, who ſaw the quick-filver in the pipe impelled 
up to 27 inches, being one himſelf of the meaſurers. And though at other times we 
found it to be much about the ſame height with the laſt, yet once it ſeemed plainly to 
be a pretty deal higher; which yet we ſpecified not, becauſe a miſchance took off the 
mark which we had made to meaſure the height by. 

II. Havins once, to try the ſtanchneſs of the phial, blown in ſo much air (without 

taking out any thing as we uſe to do in the like caſe) that the air in the cavity of the 
phial raiſed and kept the quick- ſilver three inches high in the pipe, when we went on 
with the reſt of the experiment, according to the way above deſcribed, we found, by 
emptying the receiver of air, that we were able to raiſe the quick ſilver in the cane 30 
inches, or ſomewhat above that in the phial. 
III. SomeTIMEs it may happen that the mercury, when taken very ſoon out of the 
receiver, will not appear to have ſubſided to its firſt lowneſs, which perhaps it will not 
ſink to in ſome while after; which is not to be wondered at, ſince in ſuch a receiver, 
which contains but little air, the heat of the cement and the iron imploycd to melt it 
quite round the receiver, may impart a little warmth to the air in the phial, which will 
after return to its former temper. But this accident is neither conſtant nor neceſſary to 
the experiment. | 

IV. Ir is very remarkable, that if the receiver be ficly ſtopped and ſlender enough, 
upon the turning of the ſtop-cock, to let out the air at the firſt exſuction, the mercury 
will be impelled up by the ſpring of the air in the phial, ſuddenly flying abroad or 
ſtretching itſelf, ſo that it will be raiſed ſeveral inches above the height it will reſt at 
afterwards, and will make ſeveral vibrations up and down before it come to ſettle, juſt s 
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touching the Spring of the Air, 


the mercury does in the Torricellian experiment (the bare preſſure of the little air doing 


here to the mercury what the weight of the atmoſphere does there); and ſuch motions 


of the mercury will be made four or five ſubſequent exſuctions, upon the withdrawing 
of the air in the receiver. But as theſe grow leſſer and leſſer as the ſpring cf the in- 
cluded air grows fainter, ſo none of them is any thing near ſo conſiderable as the vibra- 
tions made upon the firſt ſuck. | 

V. AGREEABLE hereunto we obſerve that at the firſt exſuction, when the ſpring of 
the included air was yet ſtrong, the mercury would be raiſed by our eſtimate above half, 
if not 5 of the whole height, whereto it will at length be brought (though that muſt be 
according to the bigneſs of the receiver, and other circumſtances) and the ſubſequent 
exſuctions do till add leſs and leſs proportions of height to the mercurial cylinder, and 
that for two reaſons ; the one, becauſe the more there is of mercury impelled into the 
tube, the greater weight of mercury. prefſes upon the included air; and the other, be- 
cauſe the air has ſo much the more room in the phial to expand itſelf, whereby its ſpring 
muſt be proportionably weakened. 

LasTLy, when we made moſt of theſe trials, I had the curioſity to obſerve the height 


of the mercury in a good barometer, and thereby found that the air was then but light ; 


its greateſt height reaching but to 29 inches and +, and its height ſoon after the trial, 
whereof Dr. Wallis was a witneſs, amounting but to 29 inches. 

To make an eſtimate of the quantity of air that had raifed the quickfilver to 27 
inches, we took the phial that was employed about this experiment, and having counter- 
poiſed it, whilſt it was empty, we afterwards filled it with water, and found the liquor to 
weigh 5 ounces, 2 drachms, and about 20 grains; and then having poured out the water 
till it was ſunk to a mark which we had made on the outſide of the glaſs, to take notice 
how high the quickſilver reached that we poured in; and laſtly, weighing the remain- 
ing water equal in bulk to the quickſilver, we found it to amount to 1 ounce, 2 
drachms, 14 grains; fo that the air that had raiſed up the mercury, poſſeſſed (before its 
expanſion) in the phial the place but of 4 ounces, and a few odd grains, i. e. of about 
3 of a pint of water. And as for the pipe alſo, employed about the fame experiment, 
we found its cavity to have about + part of an inch in diameter. 

Ir was one of the uſes I hoped to make of this experiment, that by comparing the 
ſeveral degrees of expanſion of air included in the phial with the reſpective and increaſing 
heights of the mercury that was impelled up into the pipe, ſome eſtimate might be 
made of the force of the ſpring of the air weakened by ſeveral degrees of dilatation ; 
but tor want of conveniencies I forbore to venture upon ſuch nice obſervations, eſpecially 
becauſe the preſſure of the dilated air that remains in the receiver, and is external to the 
air included in the phial, mult alſo be taken into conſideration. 

ANOTHER uſe of our experiment may be this; that it may ſupply us with a conſider- 
able argument againſt ſome learned men, who attribute the ſuſpenſion of the quickſilver 
in the Torriceilian experiment to a certain rarefied matter which ſome call a funiculus, 
and whereto others give other names; which rarefied ſubſtance they ſuppoſe to draw up 
and ſuſtain the quickſilver, in compliance of nature's abhorrency of a vacuum. For in 
the experiment under conſideration, the quickſilver, being not only ſuſtained at the 
height of 27 inches in the tube, but elevated thither ; if the cauſe of this be demanded, it 
will be anſwered, according to their hypotheſis, that the air in the receiver, external to 

that of the phial, being, by reaſon of the ſucking out of ſome of it by the pump, more 
rarefied than that in the phial, it draws up to it the quickſilver in the cane; and the more 
it is rarefied the higher it is enabled to draw it. But then I demand, whence it comes to 
pass, that though we can, by perſevering to pump, more and more rarcfy the little re- 
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maining air, or the aëreal ſubſtance in the receiver, that in the phial not appearing to be 
alſo rarefied, yet the air in the receiver does not, by virtue of its ſuperadded rarefac- 
tion, whereby it exceeds that of the air in the phial, pull up the quickſilver to a greater 
height in the tube than 27 inches; for, that this is not the greateſt height to which mer- 
cury may be raiſed by this rarefied ſubſtance, our adverſaries muſt not deny, who tell us, 
that in the Torricellian experiment it ſuſtains a mercurial cylinder of 29 inches and 2, and 
can raiſe a cylinder of 29 inches to 294, or higher, in caſe that the cylinder be made to 
| vibrate up and down in the tube. 
EY AnD as for thoſe that will in ſuch caſes, as our experiment ſuggeſts, have recourſe only 
latter part to that which they call the fuga vacui, they may pleaſe alſo to conſider, that ſince the 
of the fol- Quickſilver remains the ſame, its aſcenſion in the tube will not be available for what they 
iowing think to be nature's purpoſe z for, whether it reach higher or lower in the tube, it wil 
Experi- adæquately fill no more ſpace in one poſture, or in one figure, than in another, in what 
meat. part ſoever of the cavity of the receiver it be placed. 


EXPERIMENT I, 


Shewing that much included air raiſed mercury in an open tube no higher than the weight of 
the atmoſphere may in a baroſcope. 


In the former experiment, by reaſon of the ſmallneſs of the phial that was employed 
about it, there was ſo little air included, that the expanſion of it, ſo far as was requiſite 
to impel up the mercury in the pipe to the above-mentioned height of 27 inches, may 
be probably ſuſpected to have very much weakened its ſpring, and therefore it may be 
thought that (eſpecially conſidering the great force that ſeveral of our experiments ma- 
nifeſt impriſoned air to have) if there were a greater quantity of air included in the veſſel, 
ſo that the expanſion, ſufficient to raiſe the mercury to the former height, would not 
need to be conſiderable (becauſe that the capacity of the tube being but the ſame, the 
whole included air will be ſo much the leſs expanded, by how much the more of it there 
is) ; it ſeemed probable that the ſpring of the air, being but a little weakened by ſo 
ſmall a dilatation, would remain ſtrong enough to raiſe a much taller cylinder of mercury 
in the tube, and perhaps make the liquor run over into the receiver. 

Bur though this ſuggeſtion ſeem probable enough, yet when I conſidered that the 
weight of the atmoſphere is able to ſuſtain a cylinder of quickſilver but of 30 inches 
or thereabouts (in perpendicular height) and conſequently that the preſſure of ſuch a 
mercurial cylinder 1s equivalent to that of an atmoſpherical cylinder of the ſame bore; 
it was not difficult to conclude, that ſince the air in a phial, before the mouth is cloſed, 
has a ſpring but equal in ſtrength to the weight of the atmoſpherical pillar that leans 
upon it (for if the ſpring were too ſtrong for the weight that leans on it, ſome of the air 
would get out of the phial) a greater phial, and conſequently a greater quantity of included 
air would not be able by its ſpring to elevate and ſuſtain a longer cylinder of mercury, 
than the weight of the atmoſphere is able todo; nor indeed altogether ſo much, becauſe 
of ſome little (though but little) diminution of the ſpring by ſome (though but a fmall) 
expanſion that the included air ſuffers by ſucceeding in the place of mercury that 1s 
impelled up. 

To clear, therefore, this matter by an experiment, we took a ſtrong glaſs-bottle, 
capable of holding about a quart of liquor, and having put into it a convenient quantity 
of quickſilver, we erected in it a very long and lender pipe of glaſs open at both = 
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ends, and reaching at the lower end beneath the ſurface of the ſtagnant ' mercury; and 
having faſtened this pipe in the neck of the bottle, by choaking up that neck very accu- 
rately with good cement, that none of the included air might be able to get out, we 
conveyed the whole into a receiver, like that employed about the firſt experiment in 
ſhape, but much larger, that it might be able to contain ſo great a veſſel ; and then the 
engine being ſet at work, we quickly raiſed the quickſilver to a greater height than for- 
merly; and when we ſaw it come to a ſland, we did by the help of ſome marks, made 
before-hand on the pipe, and by the help of a very long and well divided ruler, meaſure, 
with as much care and accurateneſs as the figure of the veſſels would allow us to do, 
the height of the mercurial cylinder, which we found to be 29 inches and about 5, to 4 
which abating half an inch, which was raiſed before the pump was employed, by ſome ih 
air that had been blowed into the bottle, to try whether it were ſtanch; deducting, I ' 
ſay, this half inch of quickſilver which remained in the tube after the external air was 1 | 
let in (as well as it had been there before the receiver was exhauſted) out of the newly ö 
mentioned number there remained 29 inches, and near #, for the height of the mercury, 170 
raiſed by the ſpring of the air ſhut up in the bottle; and then conſulting with the above- | 


mentioned baroſcope which ſtood in a window in another part of the houſe, I found that 
the weight of the atmoſphere did bear a mercurial cylinder of about 29 inches and g, 
which was higher by + than that to which the ſpring had raiſed the quickſilver in the 
exhauſted receiver; and the difference perhaps would have been greater, if the place 
where the experiment was made, had not by its warmth added ſome little matter to 
the ſpring of the air; and if alſo we could have kept the mercury ſo long elevated as to 
give it leave to diſcharge itſelf of thoſe ſmall bubbles, which it is almoſt impoſſible, in 
ſuch experiments as this, to free quickſilver from, without ſome help from time. 
LasTLyY, though we cauſed the pump to be plied, to try whether we could not, by 


the more diligent exſuction of the receiver, raiſe the quickſilver above the height of that | 1 
which the atmoſphere kept ſuſtained in the baroſcope; yet our labour gave us a confir- 17] 
mation that the ſpring of the air would not raiſe the mercury higher than did the weight il 


of the atmoſphere; which may not a little confirm the ſecond obſervation. 

N. B. This was not the only nor the firſt expefiment we made of this kind; but 
this being carried on without miſchances (with which divers others were attended) and 
made with much care, 1 thought fit to ſer down this inſtead of all, intimating generally 
about the reſt, that they ſeemed to agree well for the main with that which is here re- 
cried. Only there is one thing relating to thoſe other experiments that ſeems not alto- 
gether unworthy to be taken notice of ; which is, that when our trials were made in 
veſſels that contained a conſiderable quantity of air, though upon the exhauſtion of the 
receiver the ſpring of the included air could not raiſe the quickſilver to the top of; the 
pipe, yet ſometimes by other effects it manifeſted itſelf ro be very ſtrong, as once or 
twice by the blowing out or breaking the cork or cement and other matter that was 
employed to ſtop the glaſs it was ſhut in; and once by an accident too memorable to be 
here paſſed over in ſilence. | 

I Hap one day invited Dr. Wallis to ſee ſuch an experiment as | have been relating made 
with (not a phial, but) a bottle of green glaſs (ſuch as we uſe now for wine) and tour or 
five pounds of mercury. After this learned perſon and 1 had continued ſpectators as long 
as we thought fir, we withdrew into another room, where we had not fat long by the 
tice before we were ſurprized by a ſudden noiſe, which the perſon that occaſioned it 
preſently came running in to give us an account of, by which it appeared that this in- 
genious young man (whom J often employ about pneumatical experiments, and whom 
1 mentioned to your Lordſhip, becauſe J. M. has the honour to be ſome what known 
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to you) being defirous in our abſence to ſatisfy the curiofity he had to know whether the 


quickſilver could not be raiſed higher in the pipe than I had foretold, plyed the pump 


ſo obſtinately, that at length the bottle being not, it ſeems, every where equally ſtrong, 
the impriſoned air found it more difficult to make the quickſilver run over at the 

of the pipe, than to break the bottle in the weakeſt place; and accordingly did not 
only throw off a piece of the bottle, but threw it with ſuch violence againſt the large 
and ſtrong receiver, as broke that alſo, and rendered it unſerviceable for the future. 
But the doctor and I laying together the pipe, which happened to be broken into but 
few-pieces, concluded by the place, to which we were told it reached when this accident 
happened, that it had not exceeded nor indeed fully equalled the height to which the 


weight of the atmoſphere might have raifed it. 


EXPERIMENT III. 


Shewing that the ſpring of the included air will raiſe mercury to almoſt equal heights in 
very unequal tubes. ; 


Havinc ſhewn in the two former experiments that the active ſtrength of the air's 
ſpring is very conſiderable, I thought good alſo to examine whether or no to the other 
reſemblances in operation between the weight of the free air and the preſſure of the in- 
cluded air, this alſo may be added, that as the gravitation of the atmoſphere is able (as 


we ſhall hereafter prove) to ſuſtain the mercury at the fame height in leſſer and greater 


tubes ſealed at the top; ſo the preſſure of the included air may be able to ſuſtain the 
mercury at the ſame height in ſlender and in larger tubes, though in the latter it muſt 
ſuſtain a far greater weight of mercury than in the former; provided allowance be made 
for the weakening, which the ſpring of the included air muſt be ſubject to, by reaſon 
that, to ſucceed in the place ofa large cylinder of mercury impelled up into the greater 
tube, it muſt expand itſelf more, and conſequently have its ſpring more weakened than 
if the tube were ſlender, 

To proſecute this experiment, I thought on a peculiar ſhape of veſſels, which, if I 
had been where there is a glaſs-houſe, I would have cauſed to be blown for the more 
convenient trying of two pipes of different bores at the fame time : but though I wanted 
this accommodation, I thought it might well enough ſhew what I intended by employ- 
ing ſucceſſively two tubes of very differing ſizes, provided the veſſel for the including 
of the air were the ſame, 

WHEREFORE, taking the glaſs bottle made uſe of to try the former experiment, and 
erecting in it, after the manner above deſcribed, a cylindrical pipe of glaſs a good deal 
larger than the former (if not as large again) we proſecuted the experiment as we had 
made it, with the ſlender tube above-mentioned, and found that we were able, by the 
ſpring of the air in the bottle, to raiſe the quickſilver to a conſiderable height, which, 
meaſuring as well as the veſſel would allow us, was, by the leaſt eſtimate that was made 
of it (Which was mine) 28 inches and 4, by which it appeared to want ſomewhat above 
an inch of the height of the mercurial cylinder, which the weight of the atmoſphere 
could have ſuſtained, as appeared by the barometer, wherein the quickſilver at that 
time was about 29 inches and - high; which difference was no more than I expected, 
conſidering, that, whereas the weight of the atmoſphere is (till the ſame, when the 
mercury is at its full height (and that whether the pipe be great or ſmall) in a ſealed tube; 


the ſpring of our included air muſt needs be weakened the larger the tube is, 15 0 
| igher 


touching the Spring of the Air. 


higher the liquid metal is impelled in it; fo that it ſeemed a conſiderable phænomenon 
that the ſpring of ſo little air ſhould be able to raiſe the mercury as high within an inch 
or thereabouts in a wider as in a ſlenderer tube, ſince the diameter of the cavity of the 
former being, by our eſtimate, double to that of the latter (into which the ſlender pipe 
could eaſily be put as into a caſe too big for it); the greater mercurial cylinder may 
be ſuppoſed to have weighed near four times as much as the leſſer; I ſay, near, becauſe 
there was an inch difference in their heights, but in caſe theſe had been equal, then the 
ſolidities of the cylinders would have been to one another as their baſes; and ſince 
theſe, being circular, are in duplicate proportion to their diameters, that is, as the 
ſquares of their diameters z it is plain that if the diameters be as one to two, the ſquares 
of them muſt be as one to four; and theſe cylinders conſiſting of the ſame mercury, 
their weights will have the ſame proportions with their ſolidities, and conſequently would 
be as one to four, making the abatement formerly intimated for the inch and a little 
more of mercury, by which the larger cylinder came ſhort of the height of the former. 

N. B. 1. This and the two former experiments tried by us with quickſilver, may be 
alſo tried with water; but beſides that we could hardly procure tubes long enough for 


ſuch trials, we were not very ſolicitous about it: for if we attentively enough conſider 


what has been already delivered, and the proportion in ſpecifick gravity betwixt water 
and quickſilver (whereof the latter is near 14 times as heavy, bulk for bulk, as the 
former) it will not be difficult to foreſee the event of ſuch experiments, which he that 
has a mind to make ſhould be furniſhed not only with long tubes, but with capacious 
veſſels to ſhut up the air in; elſe the air will be ſo far expanded before the water has 
attained near the height to which the weight of the atmoſphere may raiſe it, that the 
experiments will not ſeem to ſucceed near ſo well with water as ours did with quick- 
ſilver. | 

2. Wx thought it worth trying, whether, when the included air had raiſed the great 
cylinder of mercury to the utmoſt height it could elevate it to by the ſpring it then had, 
it would not be brought to raiſe the quickſilver yet higher, if, notwithſtanding the 
expanſion it had already, there were an agitation made by the heated corpuſcles of the 
fame air. And, in purſuance of this curioſity, having cauſed an hot iron and a ſhovel 
of kindled coals to be held near the oppoſite parts of the receiver, we perceived after a 
while that the mercury aſcended + of an inch or better above the greateſt height it had 
reached before: but conjecturing that it would have riſen higher, were it not, that. 
whilſt the application of the hot bodies was making, ſome particles of air had unper- 
ceivably ſtolen into the receiver, I cauſed the pump to be plied again to withdraw the 
air I ſuſpected to have got in, by which means the mercury was quickly raiſed 4 of 
an inch, or better, by virtue of this adventitious ſpring (if I may ſo call it) which the 
included air acquired by heat, and I made no doubt that it might have been raiſed much 
higher; but I was unwilling, by applying a leſs moderate heat, to hazard the breaking. 


of my glaſſes, in the place I then was in, where ſuch a miſchance could ſcarce have becn. 
repaired. 
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190 . New Experiments Phyſico- mechanical, 


EXPERIMENT IV. 


bout a new hydraulo-pneumatical fountain, made by the ſpring of uncompreſſed air. 


I sHaiL now add ſuch an application of the principle whereon the former experiment 
was grounded, as I ſhould ſcarce think worth mentioning in this place, were it not, that 
beſides that divers virtuoſi ſeem not a little delighted with it, it may, for aught I know, 
prove to be of ſome philoſophical uſe (to be pointed at hereafter). 

We took a glaſs bottle with a convenient quantity of water in it, and fitted this 

bottle with a ſlender glals-pipe open at both ends, and about three foot long, which was 
ſo placed that the lower orifice was a good way beneath the ſurface of the water, and the 
Pipe itſelf paſſed perpendicularly upwards through the neck of the bottle, which neck 
was, by the pipe and by good hard cement, employed to fill the ſpace betwixt the pi 
and the inſide, ſo well and firmly cloſed that no water or air could get out of the bottle, 
see Plate nor no external air could get into it, but by paſſing through the pipe. This inſtrument 
W. I's: was conveyed into a large receiver thaped like a pear, of which a good part of the 
— blunt end, and a ſmall part of the ſharp end are cut off by ſections parallel to the hori- 
gute was 
d-ſigned Zon, and conſequently to one another. And becauſe this receiver was not (nor ought 
only to to be) long enough to receive the whole pipe, there was cemented on to the upper part 
—— of it a ſmaller receiver of white glaſs, of ſuch a length and bigneſs, that the upper end 
— of the pipe might reach to the middle of its cavity, or thereabouts, and that the mo- 
tion of tions of the ſpringing water might have a convenient ſcope, and ſo be the better taken 
the differ notice of. 


3 Pom, Tuis double receiver being cemented on to the engine, a little of the air was by one 


pear, if, ſuck of the pump drawn out from it, by which the preſſure of the remaining air being 


 anfiead of weakened, it was neceſſary, that lince the air included in the bottle had not its ſpring 


making Jikewiſe weakened it ſhould expand itſelf, and conſequently impel up the water in the 
_ yr ſame bottle through the pipe, which it did fo vigorouſly, as to make it ſtrike briſkly at 
jr with firit againſt that part of the top of the ſmaller receiver, which was juſt over the orifice 


water, as Of the pipe. But after it had a while made the water thus ſhoot up in a perpendicular. 


2 the line, as the ſpring of the air in the bottle grew by that air's dilatation to be weakened, 
foregoing 


frame. the water would be impelled up leſs firongly and leſs directly, till the air in the bottle 

trial was being as much expanded as that in the receiver, the alccnt of the water would quite 

znade ceaſe, unleſs by pumping a little more air out of the receiver we renewed it again. 

with ABouT the making of this experiment theſe particulars may be noted. 

| — I. It is convenient that the upper part of the pipe be made (as it eaſily may be at 

the flame of a lamp) very ſlender, that the water having but a very ſmall orifice to 

Hue out at, may be ſpent but ſlowly, and thereby make the experiment laſt fo much 
the longer. 

II. You may, if you pleaſe, inſtcad of making the upper part of the pipe 8 as 
was juſt now directed, cement on to it a top either of glaſs or braſs, conſiſting of three 
or more very ſlender pipes, with a pin-hole at the end of each, that one of theſe pointing 

directly upwards, and the others to the right hand and to the left, the water may ſpin 
out ſeveral ways at once, by which kind of branched pipes we have ſometimes imitated 


the Jets d"eau (as the French call them) and artificial fountains of gardens and grot- 
II. 


touching the Spring of the Air. 


III. In regard that ſo ſhort a cylinder of water, as exceeded not the length of our 
glaſs pipe, could not make any conſiderable reſiſtance to the expanſion of the included 
air, it was thought and found ſafe enough to employ, inſtead of a ſtrong glaſs- bottle, a 
much larger phial, without being ſolicitous about its ſhape, or that it ſhould be very 
ſtrong, and by this means we could make this pleaſant ſpectacle laſt a great while, eſpe- 
cially if we alſo made uſe of the expedient to be mentioned in the following note. 

4. If you find that the included air has by expanding itſelf too much weakened its 
ſpring, whilſt there yer remains with it a good quantity of water in the bottle or phial, 
you may reinforce the preſſure of the air by only turning the ſtop-cock, and letting in 
what air you think fit to the exhauſted receiver : for upon the admiſſion of this new air, 
the air in the recciver will preſs upon the water in the pipe, and having driven it igto 
the bottle again, will follow it thither till the air in the bottle and that in the receiver 
have attained an equal ſpring, and then by pumping out a convenient quantity of the 
air contained in the latter, the air ſhut up in the former will be able to impel up the 
water as before, till the ſtagnant liquor be depreſſed to the lower orifice of the pipe, at 
which, when the air of the bottle can get out, the courſe of the water upwards mult 
ceaſe, | | 

Tus uſes I made of this new hydraulo-pneumatical fountain (for in it I aim not only 
at a ludicrous experiment) were principally theſe, | 

Tux firſt was to make it the more probable, that if we had had convenient veſſels we 
might, by the preſſure of the air included 1n the bottle, have raiſed water about fourteen 
times as high as we did quickſilver in the former experiment, ſince upon but a little 
weakening of the preſſure of the air in the double receiver, the air in the bottle was able 


to impel the water forcibly enough, and for a pretty while, to the top of a pipe of 


about a yard long, and a good deal higher (but this is but a flight uſe). 


Tx next thing therefore we deſigned to ſhew by this experiment was, that in thoſe 


hydraulo-pneumatical engines, where water is placed between two parcels of air, the 
water may be ſet a moving as well by the mere dilatation of one of the parcels of the 
air, as by giving a new force, by heat or compreſſion, to the other; and whether this 


mechanical principle of motion may hereafter prove not altogether. uſeleſs in engines, 


we refer. to turther conſideration. | 

ANoTHER uſe we made of this experiment was to ſhew ſomewhat relating to the 
| ſpring of the air, which may be worth conſidering, though we ſhall now but barely 

mention it. If then, when ſome of the air had been pumped out of the receiver, we 
removed that double. veſſel from the bottle, the external air would, by its weight, haſtily 
depreſs the water in the pipe, till having driven it to the very bottom it got up in nu— 
merous bubbles through the water, and joined itſelf with the air incumbent on that 
liquor; but that which was here obſervable was, that all the external air that was able 
to get into the bottle did not do it ſuddenly, but after the firſt irruption we could per- 


ceive that from time to time there would new portions of air leiſurely inſinuate themſelves- 


throuh the pipe into the bottle, and emerge through the ſtagnant water in bubbles, that 
ſucceeded one another ſo ſlowly as to beget ſome wonder, as if the ſpring of the included 
air having been once put out of its wonted conſtitution by its late expanſion, could not 
be reduced to it, but by degrees, by the weight of the atmoſphere, which was ſtill the 
lame; or, rather, as if between the ſpring of the included and the preſſure of the ex- 
ternal air counterbalancing each other, there happened ſome ſuch thing as is obſerved 
in an ordinary pair of ſcales, of which one is too much depreſſed, where the motion 
(Which was ſwift enough at firſt) becomes fo much the ſlower, by how much the weights 
come nearer to the equilibrium which their equality diſpoſes them to reſt in. 


Bur 


191 


— — ů ů — 7, * w 

* e niCat. AM as £6 - * 

* — R —— 
ha 1 _ * — mn A : = — * PLIES 7 —— — by — > 
= - 
— 2 - @ n — 

— === = — — — - - — 

— — —— —— 


190 . New Experiments Phyſico- mechanical, 


EXPERIMENT Iv. 


Avout a new hydraulo-pneumatical fountain, made by the ſpring of uncompreſſed air. 


I sHALL now add ſuch an application of the principle whereon the former experiment 
was grounded, as I ſhould ſcarce think worth mentioning in this place, were it not, that 
beſides that divers virtuoſi ſeem not a little delighted with it, it may, for aught I know, 
prove to be of ſome philoſophical uſe (to be pointed at hereafter). | | 

We took a glaſs bottle with a convenient quantity of water in it, and fitted this 

bottle with a lender glaſs· pipe open at both ends, and about three foot long, which was 

ſo placed that the lower orifice was a good way beneath the ſurface of the water, and the 

Pipe itſelf paſſed perpendicularly upwards through the neck of the bottle, which neck 

was, by the pipe and by good hard cement, employed to fill the ſpace betwixt the pipe 

and the inſide, ſo well and firmly cloſed that no water or air could get out of the bottle, 

see Plate nor no external air could get into it, but by paſſing through the pipe. This inſtrument 
IV. Fig. was conveyed into a large receiver thaped like a pear, of which a good part of the 


2. This pſunt end, and a ſmall part of the ſharp end are cut off by ſections parallel to the hori- 


baute was A 0 
4 zon, and conſequently to one another. And becauſe this receiver was not (nor ought 
only to to be) long enough to receive the whole pipe, there was cemented on to the upper part 


_ of it a ſmaller receiver of white glaſs, of ſuch a length and bigneſs, that the upper end 


preſenta- of the pipe might reach to the middle of its cavity, or thereabouts, and that the mo- 
tion of tions of the ſpringing water might have a convenient ſcope, and ſo be the better taken 
the differ notice of, 


_ Nan Tuis double receiver being cemented on to the engine, a little of the air was by one 

Jag 115 ſuck of the pump drawn out from it, by which the preſſure of the remaining air being 
infcad of weakened, it was neceſſary, that ſince the air included in the bottle had not its ſpring 
making likewiſe weakened it ſhould expand itſelf, and conſequently impel up the water in the 
mn ns ſame bottle through the pipe, which it did ſo vigorouſly, as to make it ſtrike briſkly at 
Me wi firſt againſt that part of the top of the ſmaller receiver, which was juſt over the orifice 
water, as Of the pipe. But aſter it had a while made the water thus ſhoot up in a perpendicular. 


5 the line, as the ſpring of the air in the bottle grew by that air's dilatation to be weakened, 
foregoing 


— +> the water would be impelled up leis ftrongly and leſs directly, till the air in the bottle 
trial was being as much expanded as that in the receiver, the aſcent of the water would quite 
made «ceaſe, unleſs by pumping a little more air out of the receiver we renewed it again. 
with. ABourT the making of this experiment theſe particulars may be noted. 
| —— I. It is convenient that the upper part of the pipe be made (as it eaſily may be at 
: the flame of a lamp) very ſlender, that the water having but a very ſmall orifice to 
Hue out at, may be ſpent but flowly, and thereby make the experiment laſt ſu much 
the longer. | X | 
II. You may, if you pleaſe, inſtead of making the upper part of the pipe lender, as 
was jult now directed, cement on to it a top either of glaſs or braſs, conſiſting of three 
or more very ſlender pipes, with a pin-hole at the end of each, that one of theſe pointing 
directly upwards, and the others tv the right hand and to the left, the water may ſpin 
out ſeveral ways at once, by which kind of branched pipes we have fometimes imitated 
the Jess dear (as the French call them) and artificial fountains of gardens and grot- 
Tocs. | 
III. 


touching the Spring of the Air. 


III. In regard that ſo ſhort a cylinder of water, as exceeded not the length of our 
glaſs pipe, could not make any conſiderable reſiſtance to the expanſion of the included 
air, it was thought and found ſafe enough to employ, inſtead of a ſtrong glaſs-bottle, a 
much larger phial, without being ſolicitous about its ſhape, or that it ſhould be ver 
ſtrong, and by this means we could make this pleaſant ſpectacle laſt a great while, eſpe- 
cially if we alſo made uſe of the expedient to be mentioned in the following note. 

4. If you find that the included air has by expanding itſelf too much weakened its 
fpring, whilſt there yer remains with it a good quantity of water in the bortle or phial, 
you may reinforce the preſſure of the air by only turning the ſtop-cock, and letting in 
what air you think fit to the exhauſted receiver : for upon the admiſſion of this new air, 
the air in the receiver will preſs upon the water in the pipe, and having driven it ito 
the bottle again, will follow it thither till the air in the bottle and that in the receiver 
have attained an equal ſpring, and then by pumping out a convenient quantity of the 
air contained in the latter, the air ſhut up in the former will be able to impel up the 
water as before, till the ſtagnant liquor be depreſſed to the lower orifice of the pipe, at 
which, when the air of the bottle can get out, the courſe of the water upwards muſt 
ceaſe, 

Tus uſes I made of this new hydraulo-pneumatical fountain (for in it I aim not only 
at a ludicrous experiment) were principally theſe. 

Tux firſt was to make it the more probable, that if we had had convenient veſſels we 
might, by the preſſure of the air included in the bottle, have raiſed water about fourteen 


times as high as we did quickſilver in the former experiment, ſince upon but a little 


weakening of the preſſure of the air in the double receiver, the air in the bottle was able 


to impel the water forcibly enough, and for a pretty while, to the top of a pipe of 


about a yard long, and a good deal higher (but this is but a flight uſe). 


THe next thing therefore we deſigned to ſhew by this experiment was, that in thoſe 


hydraulo-pneumatical engines, where water is placed between two parcels of air, the 
water may be ſet a moving as well by the mere dilatation of one of the parcels of the 
air, as by giving a new force, by heat or compreſſion, to the other; and whether this 


mechanical principle of motion may hereafter prove not altogether. uſeleſs in engines, . 


we refer. to turther conſideration; 


ANOTHER uſe we made of this experiment was to ſhew ſomewhat relating to the 
| ſpring of the air, which may be worth conſidering, though we ſhall now but barely 

mention it. If then, when ſome of the air had been pumped out of the receiver, we 
removed that double. veſfel from the bottle, the external air would, by its weight, haſtily 
depreſs the water in the pipe, till having driven it to the very bottom it got up in nu— 
merous bubbles through the water, and joined itſelf with the air incumbent on that 
liquor; but that which was here obſervable was, that all the external air that was able 
to get into the bottle did not do it fuddenly, but after the firſt irruption we could per- 


ceive that from time to time there would new portions of air leiſurely inſinuate themſelves 


throu-h the pipe into the bottle, and emerge through the ſtagnant water in bubbles, that 
ſucceeded one another ſo ſlowly as to beget ſome wonder, as if the ſpring of the included 
air having been once put out of its wonted conftitution by its late expanſion, could not 
be reduced to it, but by degrees, by the weight of the atmoſphere, which was ſtill the 
ſame; or, rather, as if between the ſpring of the included and the preſſure of the ex- 
ternal air counterbalancing each other, there happened ſome ſuch thing as is obſerved 
in an ordinary pair of ſcales, of which one is too much depreſſed, where the motion 
(which was ſwift enough at firſt) becomes ſo much the ſlower, by how much the weights 
come nearer to the æquilibrium which their equality diſpoſes them to rett in. 
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Neu Experiments Phyſico- mechanical, 


Bur the chief uſe deſigned in this experiment was to obſerve, whether the lines made 
by the water in its effluxions, would be of the ſame figure, norwithſtanding the rare- 
faction of the air in the upper part of the receiver, as if the air had not been at all rare- 
fied; and for this purpoſe it is beſt to make one's obſervations towards the latter end 
of the experiment, becauſe then the receiver being moſt exhauſted, and conſequently 
having the leaſt of air left in it, the difference made by the change of the denſity of the 
medium, in which the beams of water (if I may fo call them) move, is like (in caſe there 
be any) to be beſt diſcerned. And this convenience we had by our way of experiment- 
ing, that we could take notice of the lines deſcribed by the ſalient water, as the ejacu- 
lation of that liquor grew til] fainter and fainter. But though I afterwards invited Dr. 
Wallis to favour me with his opinion about the curve lines of the ſalient water, yet for 


want of aa upper receiver large enough, even he profeſſed himſelf (as I had done) not 


fatisfied about them. Only he ſometimes (as I alſo did) obſerved the ſalient water to 
deſcribe part of a line perfectly enough parabolical, with which ſort of curves he has been 
particularly converſant. | | 

Tuis made me reſolve, for further ſatisfaction, to attempt by another contrivance (of 
whoſe ſucceſs, if I can procure the implements I need, your lordſhip may expect an ac- 
count) what the figures will be not only of ſalient water, but mercury, and other li- 
quors; and that when the receiver is much better exhauſted, than it was neceſſary it 


ſhould be in the foregoing experiment. 
EXPERIMENT v. 


About a way of ſpeedily breaking flat glaſſes, by the weight of the atmoſphere. 


For the more eaſy underſtanding of ſome of the ſubſequent trials, it will be requiſite 
in this place to mention, among experiments about the ſpring of the air, the following 
phænomenon belonging to its weight. 

Tus is one of thoſe that is the moſt uſually ſhewn to ſtrangers, as a plain and eaſy 
proof, both that the weight of the incumbent air is conſiderable, and that the round 
figure of a receiver doth much more conduce to make an exhauſted glaſs ſupport that 


weight, than if the upper part of the receiver were flat. 


To make this experiment we provided a hoop or ring of braſs of a conſiderable-thick- 
neſs, whole height was 24 or 3 inches, and the diameter of whoſe cavity. as well at the 
upper as lower orifice (ſhould have been juſt 3 inches, but through the error of the 
workman) was 3 inches and 7g. To this hoop we ſucceſſively faſtened with cement 
divers round pieces of glaſs, ſuch as is uſed by glaſiers (to whole ſhops we ſent for it) 
to make panes for windows, and thereby made the braſs-ring with its glaſs-cover a kind 
of receiver, whoſe open otifice we carefully cemented on to the engine; and then we 
found, as we had conjectured, that uſually at the firſt exſuction (though ſometimes noc 
till the ſecond) the glaſs-plate would be broken iawards with ſuch violence as to be ſhat- 
tered into a great multitude of ſmall fragments, and (which was remarkable) the irrup- 
tion of the external air driving the glaſs inwards did conſtantly make a loud clap, almoſt 
like the report of a piſtol: which phænomenon, whether it may help us to diſcover the 
cauſe of that great noiſe that is made upon the diſcharging of guns (for the recoil ſeems 
to depend upon the dilatation and impulſe of the powder) I muſt not ſtay to conſider. 


E X PE- 


touching the Spring of the Air. 


EXPERIMENT VL 


Shezwwing, that the breaking of glaſs-plates in the foregoing experiment, need not to be 
| aſcribed to the fuga vacui. 


Tnovon I long ſince informed you, that in the experiments I then preſented your 
lordſhip, it was not my purpoſe to deliver my own opinion, whether there be a vacuum, 
or no; and though I do not in this tract intend to declare myſelf either way; yet, that 


I may on this occaſion alſo ſhew, that the preſſure of the air may ſuffice to account for 


divers phænomena, which, according to the vulgar philoſophers, mult be referred to 
nature's abhorrency of a vacuum, I will illuſtrate the foregoing experiment by another, 
the ſubſtance whereof is this, | 
THrar if, inſtead of the above-mentioned braſs-hoop, both whoſe orifices are of equal 

breadth, you may employ a hollow (but taller) piece of braſs, or (which is more eaſily 
made) of latten, ſhaped like a conus truncatus, or a ſugar-loaf, whoſe upper part is 
taken off parallel to the bottom ; and if. you make the two orifices of a breadth ſuffi- 
ciently unequal, as if the larger being made as wide as that of our braſs hoop, the ſtraiter 
were leſs than an inch in diameter; you will find, that if this piece of metal be made 
uſe of, as the other was in the foregoing experiment, the flat glaſs cemented on to the 
orifice will be eaſily broken, as formerly when it is faſtened to the wider orifice ; but if 
the ſtraiter orifice be turned upward, the glaſs that covers it, if it be of a due thickneſs 
(though no thicker than the former) will remain entire, notwithſtanding the withdrawing 
of the air from beneath it: which ſeems ſufficiently to argue, that it is not preciſely 
nature*s abhorrency of a vacuum that is the cauſe why glaſſes are uſually broken in ſuch 
experiments, ſince, whether the wider or the narrower orifice be uppermoſt, and covered 
(the metalline part of the veſſel being the ſame, and only varying its poſture) the capa- 
city of the exhauſted veſſel will be equal ; and therefore nature ought to break the glaſs 
as well in one caſe as the other, which yet the experiment ſhews ſhe does not. 

WInERETORRE this diverſity ſeems much better explicable by ſaying, that when the 
wider orifice is uppermoſt, the glaſs that covers it muſt ſerve for the baſis of a large 
atmoſpherical pillar, which by its great weight may eaſily force the reſiſtance of the 
glaſs; whereas when the ſmaller orifice is uppermoſt, there leans upon its cover but ſo 
fender a pillar of the atmoſphere, that the natural tenacity of mutual cohæſion of parts 
in the glaſs is not to be ſurmounted by a weight that is no greater. 


EXPERIMENT VII. 


About a convenient way of breaking blown bladders by the ſpring of the air incl ded in 
| them. 


Tas foregoing experiments having ſufficiently manifeſted the ſtrength of the air's 
ſpring upon fluid bodies, I next thought fit to try whether the force of a little included 
ar would alſo upon conſiſtent and even ſolid bodies emulate the operations of the weight 
of the atmoſphere. In the proſecution of which enquiry we thought fit to make two 
ſorts of trials: the one, where the air is included in the bodies on which its ſpring does 
work; and the other, where it is external to them. Of the firſt ſort are this ſcventh 
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dient, eſpecially in ſuch caſes, where the experimenter (who ſometimes either is not 


it quite up, but will manifeſtly ſwell it, though that effect be oppofed not only by the 


Nav Experiments Phyfico-mechanical, 


and the two following experiments; and of the ſecond ſort are ſome other trials, to. be 
comprehended under the tenth experiment. 

Having formerly mentioned to your lordſhip, that we were ſeveral times able 
(though ſometimes not without much difficulty) to make a blown bladder break. with 
the ſpring of its own air z I ſhould not think it worth while to fay any thing here about 
the ſame phenomenon, but that (beſides that it feems odd enough, and is not unplea- 
fant to many ſpectators) it may deſerve not to be wholly neglected, becauſe a good way 
to break bladders in the much exhauſted receiver may ſometimes prove an uſeful expe- 


ſkilful enough, or well enough furniſhed with accommodations to regulate the ingreſs: 
of the air) would very ſuddenly fupply the receiver with freſh air, when it has been 
much emptied, without danger of letting in too much air from without. Not to men- 
tion, that the air included in the bladder to be broken may be ſo mingled with ſteams, 
or imbued with divers qualities, as to be much fitter than common air for ſome particular 
rpoſes, | 

"Wen ſhall then, for the affinity*s ſake between this trial and the former, ſubjoin now 
the way, by which we ſeldom failed of breaking bladders in our emptied receivers. For 
this purpoſe the blown bladder that was to be burſt, having the neck very cloſely and 
ſtrongly tied, was kept a pretty while in the receiver, whilſt the air was pumping out, 
and then taken out again, that now the fibres were ſtretched and relaxed, the capacity 
being leſſened by a new ligature that I ordered to be ſtrongly made near the neck, the 
bladder might be leſſened though the air were but the ſame, and the membrane being 
not ſo capable of yielding as before, upon the ſecond exhauſtion of the receiver the 
bladder in it would break far more eaſily than otherwiſe, and perhaps be oddly enough 
lacerated. | 

Wi ſometimes alfo varied this way of diſpoſing bladders to be burſt, by omitting the 
preparatory putting in of the bladder into the receiver, and only taking it in a little near 
the neck, that, the bladder having not been blown very full at firſt, the tenſion of the 
included air might be greater. But this laſt way is to be made uſe of, when the thing 
we deſire is, that the bladder by breaking ar a certain time may part with irs air, and 
not when it is only to give an inſtance of the force of the ſpring of uncompreſſed air 
againft the ſides of the veſſel that contain it. | 


EXPERIMENT VIII. 
About the lifting up a conſiderable weight A.» the bare ſpring of a little air included in & 
bladder. 


Vou will eaſily believe, that the force employed (in the following experiment) by the 
air, to break the well blown bladders it is included in, is conſiderable, if I here add, 
that a ſmall quantity of air which will not fill + of a bladder, will not only ferve to blow 


re ſiſtance of the bladder itſelf, but by a conſiderable weight tied to the bottom of it, as 

in the following experiment. | | 
We took a middle ſized bladder (of a hog or ſheep) and having preſſed out the air, 
4ill there remained but a fourth or fifth part (by gueſs) we caufed the neck to be very 
firongly tied up again; alſo round about the oppoſite part of the bladder, within about 
an inch of the bottom, we ſo ſtrongly tied another ſtring, that it would not be made 7x 
| | n p 


touching the Spring of the Air. 


flip off by a not inconſideraple weight we hung at it 3 then faſtening the neck of the 


bladder to the turning key, we conveyed the bladder and the weight hanging at it 
into a large receiver, in which when it began to be pretty well exhauſted, the air within 
the bladder being freed from the wonted preſſure of. the air without it, did by its own 
ſpring manifeſtly ſwell, and thereby notably ſhorten the bladder that contained it, and 
by conſequence viſibly lifted up the weight (that reſiſted that change of figure) which 
exceeded fifteen pounds of ſixteen ounces to the d, | 

AFTER that we took a large bladder, and having let out fo much air, that it was left 
hnk enough, we faſtened the two ends of it to the upper part of the receiver (for which 


elſe it would have been too Tong) and tied a weight (but not the ſame) fo as that it 


hung down from the middle of the bladder; then exhauſting the receiver as before, 
though the bladder, and this new weight which ſtretched it, reached ſo low as that for a 
while we could ſcarce ſee whether it hung in the air or no, yet at length we perceived 
the bladder to ſwell, and concluded that it had lifted up its clog about an inch; which 
was confirmed by the return we permitted of the air into the receiver, upon which the 
bladder became more wrinkled than before, and the weight deſcended, which being 
taken off, and weighed in a ſtatera, amounted to about 28 pounds. We would have 
reiterated the experiment, but ſo heavy a weight having broken the bladder, we were 
diſcouraged from proceeding any further, eſpecially in regard of the difficulty of bringing 
by this contrivance the ſtrength of the air's ſpring to any exact computation though it 
ſufficiently ſhews what I deſigned it ſhould, namely, that the ſpring of a little included 
air may be able even in ſo flight a contrivance to raiſe a great weight, 

WHETHER this experiment may any way illuſtrate the motion of muſcles made by 
inflation, contraction, &c. it belongs not to this place to conſider, | 


EXPERIMENT IX. 
About the breaking of bermeticalhy ſealed bubbles of glaſs by the bare ſpring of their own 


. 


I sRALL premiſe to the following trials an experiment, wherein uncompreſſed air is 
made by its own bare ſpring to break the ſolid body itſelf it is ſhut up in. And this 1 
the rather ſet down before the ſubſequent trials, becauſe in our already publiſhed phyſico+ 
mechanical experiments mention has been made of this trial, as of one that we could 
not then make to ſucceed z we have ſince, employing fimaller receivers, made it often 
enough proſperouſly, ſomewhat to the wonder of eminent virtuoſi, who confeſſed ro me 
they had made frequent and divers attempts to perform the ſame thing, without ever 
ſucceeding in any of them. | — 

Bur it will not be requiſite to multiply relations about this particular, and therefore I 
ſhall ſer down but this one, which I meet with among my looſe notes. 

A large glaſs bubble hermetically ſealed being put into the receiver, and the air drawn 
out as much as in uſual operations, and ſomewhat more, though I told the company 
beforehand, that I had ſeveral times obſerved that ſuch bubbles would not break imme- 
diately, but ſome while” after the withdrawing the air from about them; yet this conti- 
nued fo long entire after we had left off pumping, that preſuming it had been blown 
too ſtrong, T began to deſpair of the experiments ſucceeding ; when, whilſt we were 
providing ſomething elſe to put into the receiver, and, as I gueſſed, four minutes after 
the pump had been let alone, the bubble furprized us with its being broken with ſech 

| | B b 2 | violence 
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violence by the ſpring of the included air, that the fragments of it were daſhed every 
way againſt the [des of the receiver, and broken ſo very ſmall, that when we came to 
take it up, the powder was by the by-ſtanders compared to the {mall ſand wont to be 
employed to dry papers that have been newly writ upon with ink. The reaſon why the 
bubble broke ſo lowly I cannot now ſtay to propoſe, no more than to examine whether 
the difficulty of breaking veſſels of glaſs, no thicker than theſe bubbles, proceed from 
ſome weakening of the ſpring af impriſoned air, by its ſtretching a little the including 
glaſs (for in another caſe we have obſerved this glaſs to be ſtretchable by the preſſure 
of air) or from hence, that it was very hard, as I have elſewhere mentioned, to avoid 
rarefying the air a little, and conſequently weakening its ſpring, by the heat that was 
neceſſary to be employed about the ſealing up the bubble. | 


EXPERIMENT X. 


Containing two or three trials of the force of the ſpring of our air uncompreſſed upon table 
| and even ſolid bodies (whereto it is external). . | 
In proſecution of the inquiry propoſed in the title, we made (among others) the fol- 
lowing trials, 


The FirsT. TRIAI. 


I. Wx took the braſs hoop, mentioned in the fifth experiment (whoſe diameter is 
ſomewhat above three inches) and having cauſed a glazier to cut ſome plates of glaſs, 
ſuch as are uſed for making the quarrels of windows, till he had brought them to a ſize 
and a roundneſs fit to ſerve for covers to that braſs-hoop, we carefully faſtened one of 
them with cement to the upper orifice of the hoop or ring, and then cementing the 
lower orifice to the engine, ſo that the veſſel, compoſed of the metal and glaſs, ferved 
for a ſmall receiver; we whelmed over it a large and ſtrong receiver, which we allo 
faſtened on to the engine with cement after the uſual manner. By which contrivance it 
was neceſſary, that when the pump was ſet on work, the included receiver (of braſs 
and glaſs) ſhould have its air withdrawn, and yet the air in the larger receiver ſhould 
not. be pumped out but by breaking through the glaſs, ſo that the internal air of the 
metalline receiver (as we may call it for diſtinction ſake) being pumped out, the glaſs 
plate that made part of that receiver, muſt lie expoſed to the preſſure of the ambient air 
ſhut up in the other receiver without having the former aſſiſtance of the now withdrawn 
air to reſiſt the preſſure ; wherefore, as we expected, at the firſt or ſecond exſuction of 
the air, ours. the ſmall metalline receiver, the glaſs-plate was, by the preſſure of 
the incumbent air contained in the great receiver, broken into an 100 pieces, which 
were beaten inwards into the cavity of the hoop. 


* 


The Second TRIAI. 


Tuis done, to ſhew that there needed not the ſpring of ſo great a quantity of included 
air to break fuch glaſſes, we took another roundiſh one, which, though wide enough at 
the orifice to cover the braſs ring and the new glaſs- plate that we had cemented on it, 
was yet ſo low that we eſtimated it to hold but a ſixth part of what the large receiver 
formerly employed is able to contain; and having whelmed this ſmaller veſſel, which was 


ſhaped 


touching the Spring of the Air. 


ſhaped like thoſe cups they call tumblers, over the metalline receiver, and well faſtened 
it to the engine with cement, we found, that though this external receiver had a 
part of its cavity filled by the included one, yet when this internal one was exhauſted by 


an exſuction or two, the ſpring of the little air that remained was able to break the 
plate into a multitude of fragments. 


—ͤ  v- ——U— = 


The Tan D TRIAL, 


III. Becavss the glaſs-plates hitherto mentioned ſeemed not ſo thick but that the 
preſſure of the included air might be able to give conſiderable inſtances of its force ; 
inſtead of the metalline receivers hitherto employed, we took a ſquare bottle of glaſs, 
which we judged to be able to contain about a pint (or pound) of water, and which had 
been provided to keep ſubtle chymical liquors in, for which uſe we are not wont to 
chuſe weak ones. This we inverted, and applied to the engine as a receiver, over 
which we whelmed the large receiver formerly mentioned; and having cemented it on, 
as in the foregoing experiments, we ſet the pump on work to empty the internal receiver 
(or ſquare bottle) by which means the withdrawing of the air, and the figure of the 
veſſel (which was inconvenient for reſiſting) ſuffered the preſſure of the air included in 
the external receiver to cruſh the phial into a great number of pieces. 

AnD to vary this experiment, as we did that of breaking the metalline receivers, we 
took another glaſs of the ſhape and about the bigneſs of the former, and having applied 
it to the engine as before, and covered it with a receiver that was little higher than itſelf, 
we found that upon the exhauſtion of the air the ſecond ſquare glaſs was likewiſe broken 
into many fragments, ſome of which were of ſo great a thickneſs as moved ſome won- 
der, that the bare preſſure of the air was able to break ſuch a veſſel, though probably 
the cracks that reached to them were begun in much weaker parts of the glals. 

N. B. 1. Taz bottoms and the necks of both theſe ſquare bottles were entire enough 
by which it ſeemed probable that the veſſels had been broken by the preſſure of the air 
againſt the ſides, which were not only thinner than the parts above named, but expoſed 
a larger ſuperficies to the lateral preſſure of the air, than to the perpendicular, 

2. Wx obſerved in one of the two laſt experiments, that the veſſel did not break 
preſently upon the laſt exſuction that was made of the included air, but a conſiderable 
time after, which it ſeems was requiſite to allow the compreſſed parts of the glaſs time 
to change their places; and this phenomenon I therefore mention, becauſe the ſame 


thing that here happened in the breaking a glaſs inwards by the ſpring of the air, I 


elſewhere obſerved to have happened in breaking a glaſs outwards by the ſame ſpring. 

3. To confirm that it is the ſpring of the external receivers air, that is the agent in 
thoſe fractures of glaſſes, and to prevent or remove ſome ſcruples, we thought fit to 
make this variation in the experiment. We applied a plate of glaſs, juſt like thoſe for- 


merly mentioned, to the braſs-hoop; but-in the cementing of it on, we placed in the 
thickneſs of the cement a ſmall pipe of glaſs about an inch long, whole cavity was not ſo 
big as that of a ſtraw, and which being left open at both the ends, might ſerve for a 


little channel, through which the air might paſs from the external receiver to the inter- 


nal; over this we whelmed one of the ſmall receivers above mentioned, and then, 
though we ſet the pump on work much longer than would have needed, if this little 


pipe had not been made uſe of, we found, as we expected, that the internal receiver 


continued entire, becauſe the air, whoſe ſpring ſhould have broken it, having liberty to 
pals through the pipe, and conſequently to expand itſelf into the place deſerted by the 
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air pumped out, did by that expanſion weaken its ſpring too much to retain ſtrength 
enough to break the metathne (or internal) receiver | | 
Bu here it is to be noted, that either the pipe muſt be made bigger than that lately 
mentioned. or the exſuction of the air muſt not be made by the pump as nimbly as we 
can, or otherwiſe the plate of glaſs may be broken, notwithſtanding the pipe ; 'becauſe 
the air contained in the external receiver having a force much greater than is neceſſary to 
break ſuch a plate, it may well happen (as I have fometimes found it do) that if the 
air be haſtily drawn out of the internal receiver, that air, which ſhould ſucceed in its 
room, cannot get faſt enough out of that external receiver through fo ſmall a pipe; and 
| the air remaining in that external receiver will yet retain a ſpring ſtrong enough to 
| break the glaſs. To illuſtrate which I ſhall propoſe this experiment; that ſometimes, 
| when I have at the flame of a lamp cauſed glaſs bubbles to be blown with exceeding 
Atender ſtems, if they were nimbly removed out of the flame whilſt they were ignited, 
they would, according to my conjecture, be either broken, if they cooled too faſt, or 
compreſſed inward, if they long enough retained the ſoftneſs they had given them by 
Fuſion, For the air in the bubble being exceeding rarefied and expanded, whilſt the 
glaſs is kept in the flame, and coming to cool haſtily when removed from thence, loſes 
upon refrigeration the ſpring the heat had given it; and ſo if the external air cannot 
preſs in faſt enough through the too ſlender pipe, there will not get in air enough to 
| reſiſt the preſſure of the atmoſphere ; and therefore if this preſſure find the bubble yet 
1 ſoft, it will preſs it a little inwards, and either flatten it, or make a dimple in it, though 
the orifice of the pipe be left open. | 


EXPERIMENT XI. 


4 Geteing that mercury will in tubes be raiſed by ſuftion no bigber than the weight of the 
i1 atmoſphere is able to impel it up. | 


IT is ſufficiently known that the common opinion of philofophers, and eſpecially of 
thoſe which follow Ariſtotle, has long been, and ſtill is, that the cauſe of the aſcenſion 
of water upon ſuction, and particularly in thoſe pumps where the water ſeems of its 
own accord to follow the riſing fucker, is nature's abhorrency of a vacuum. Againft 
this received opinion divers of the modern philoſophers have oppoſed themſelves. But as 
ſome of them were vacuiſts, and others pleniſts, they have explicated the aſcenſion 
of water in ſucking-pumps upon very different grounds ; fo that many ingenious men 
continue yet irreſolved in this noble controverſy, Wherefore though I have formerly 
made, and now renew a ſolemn profeſſion, that I do not in this treatiſe intend to declare 
either for or againſt the being of a vacuum; and though I have“ elſewhere occaGonally 
acknowledged my ſelf not to acquieſce fully in what either the ancient or the modern phi- 
loſophers have taught about the adequate cauſe of ſuction (in the affigning of which, 
I think, I have ſhewn them to have been ſomewhat deficient) yet, fince I think ſome 
experiments, of importance to this controverſy, may be better made by the help of our 
engine, than they have been by any inſtrument I have yet heard of, I ſhall now add the 
trials I made to ſhew both that whether there be, or may be a vacuum or not, there is 
no need to have recourſe to a fuga vacui to explicate ſuction; and alſo that whatever 
other cauſes have by Gaſſendus and Carteſius been ingeniouſly propofed to explicare 


* 'The place here meant is a paſſage in the Author's Examen of Mr, Hobbes Dialogue about the air. 
ſuction, 


18 
— 
Rn 


rouching- the Spring of the Air. 199 
depend clearly upon the weight of the atmoſphere, or in fome caſes 


fution, it ſeems to dep 
upon the ſpring of the airy though I deny not that other cauſes may contribute to that 


preſſure of the air, which I take to be the grand and immecliate agent in theſe pha- 
nomena. | 

Ws took a braſs pipe bended like a fiphon, and fitted at the bigger end with a flop- See Plate 
cock, &c. as is delineated in the figure (which inſtrument for brevity fake, I often call an III. Fig. 
exhauſting or ſucking fiphon) and to the ſlender end of this we faſtned with good cement * 
the upper end of a cyhndrical pipe of glaſs, of about fifty inches long, and open at > or the 
ends, and having the lower end open into a glaſs of ſtagnant quickſilver, whoſe upper cloſe of 
ſuperficies reached a pretty deal higher than the immerſed orifice of the glaſs cane. tis expe- 
Theſe things being thus prepared, we cauſed the pump to be ſet on work, whereby thjge 
air being by degrees drawn out of the exhauſting fiphon, and conſequently of the glaſs 
cane that opened into it; the ſtagnant mercury was proportionably impelled up into the 
glaſs-pipe, until it had attained to its due height, which exceeded not 30 inches; and 
then, though there remained in the upper part of the pipe above 20 inches unfilled 
with quickſilver, yet we could not by farther pumping raiſe that fluid metal any 
higher. | 

By which it ſeems manifeſt enough, that whatever many learned men have taught, 
or others do yet believe, about the unlimited power that nature would exerciſe to prevent 
what they call a vacuum; yet this power has its bounds, and thoſe depend not ſo much 
upon the exigency of that principle, which the ſchoolmen call a ug vacui, as upon the 
ſpecifick gravity of the liquor to be raiſed by ſuction. For confirmation of which, we 
ſubſtituted inſtead of the ſtagnant mercury, a baſon of water; and though inſtead of 
the many ſucks we had fruitleſly imployed to raiſe the quickſilver above the lately men- 
tioned height, we now employed but one exſuction (or leſs than a full one) which did 
but in part empty the exhauſting ſiphon : yet the water upon the opening of the ſtop- 
cock was not only impelled to the very top of the glaſs-cane, but likewiſe continued 
running for a good while through the exhauſting ſiphon, and thence fell upon the 
plate of the engine; ſo that it ſeemed an odd ſpectacle to thoſe that knew nat the reaſon 
of it, to ſee the water running very briſkly of its own accord, as they imagined, out of 
the ſhorter leg of a ſiphon ; eſpecially that leg being perhaps not above a quarter ſo 
long as the other. And here I muſt not omit this conſiderable circumſtance, that though. 
ſometimes in the Torricellian experiment I have obſerved the mercury to ſtand at thirty 
inches, and now and then above it, yet the height of the mercury elevated in our glaſs- 
cane appeared not, when meaſured, to reach fully 29 inches and a quarter; which I 
thought-it was not difficult to render a reaſon of, from the varying weight of the atmoſ- 
phere ; and accordingly conſulting the baroſcope (that ſtood in another room) I found 
the atmoſphere to be at that time ſomewhat light, the quickſilver in it being in height 
but 29 inches and an eighth, which probably would have been the very height of 
— „de raiſed by the engine, if it had had time by ſtanding to free itſelf from 

ubbles. | 

From whence we may conclude, that ſuction will elevate liquors in pumps no higher 
than the weight of the atmoſphere is able to raiſe them, ſince the cloſeneſs requiſite 
in the pump of. our engine to be ſtaunch makes it very unlikely, that by any ordinary. 
pump a more accurate ſuction can be effected. | | 

I nave nothing to add about the related experiment but this one; that it may afford: 
us a noble confirmation of the argument we formerly propoſed againſt them, thax. 
aſcribed the elevation and ſuſtentation of the quickſilver in the Torricellian experi- 
ment to a certain rarefied air, which the more highly it is rarefied, the greater power 

| 18: 
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7 
it acquires to attract quickſilver, and other contiguous bodies z for in our experiment, 


though by continuing to pump we can rarefy or diſtend more and more the air in the 
exhauſting ſiphon, yet we were not able to raiſe the mercury above thirty inches (which 
exceeds not the height to which the atmoſphere is able to elevate it) and this, though 
the ſtagnant mercury being expoſed to the free air, it cannot be pretended (as in ſome 
other caſes it may, though not ſatisfactorily, be done) that the mercury cannot be raiſed 
higher, without offering violence to the body incumbent on the ſtagnant mercury : for, 
in the experiment, we are conſidering if nature ſhould raiſe the quickſilver higher and 
higher in the pipe, to ſucceed in the room of the air that is withdrawn, the formerly 
ſtagnant mercury, that would on this occaſion be raiſed, might be immediately ſuc- 
ceeded by the free and urdilated air; ſo that nature would be put to offer violence to 
the quickſilver only, which if ſhe were ſcrupulous to do, what ailed her to raiſe it (as 
| ſhe did in our trial) againſt the inclinations of ſo ponderous a body, to above 29 inches 
high ? _ | | 


ANNOTATION. 


Tnovo the exhauſting ſiphon, mentioned at the beginning of this experiment, may 
be eaſily enough conceived by an attentive inſpection of the figure; yet, becauſe I fre- 
quently made uſe of it in pneumatical experiments, it will not be amiſs to intimate here 
once for all theſe three particulars, about it. 1. That though the bending pipe itſelf 
may be for ſome uſes more conveniently made of glaſs than of metal, becauſe the 
tranſparency of the former may enable us to diſcover what paſſes in it, yet for the moſt 
part we chuſe to employ pipes of the latter ſort, becauſe the others are ſo very ſubject 
to break. 2. That it is convenient to make the longer leg of the ſiphon a little larger 
at the bottom than the reſt of the pipe uſually needs to be, that it may the more com- 
modiouſly admit the ſhank of a ſtop-cock, which is to be very carefully inſerted with 
cement; by ſeaſonably turning and returning of which ſtop-cock, the paſſage (for the 
air) between the engine and the veſſel to be exhauſted is to be opened and ſhur. 3. That 
though we ſometimes content ourſelves to apply immediately the braſs ſiphon itſelf to 
the engine, by faſtening with cement the external ſhank of the ſtop-cock to the orifice 
of the little pipe through which the exſuction of the air is made, yet the bended pipe 
alone, if it be not almoſt conſtantly held, is ſo apt to be looſened by the motion of the 
engine, and the turning of the ſtop-cock (which frequently occaſions leaks, and diſ- 
turbs the operation) that for the moſt part we make uſe of a ſiphon, conſiſting of a 

See Plate braſs-pipe, and ſtop-cock, and a glaſs of 6, 8, or 10 inches in height, and of ſome 

II. FS. ſuch ſnape (for it need not be the very ſame) as that repreſented in the figure: for by 
this means, though the exhauſtion is becauſe of this additional glaſs ſomewhat longer in 
making, yet it is more ſecurely and uninterruptedly carried on by reaſon of the ſtabi- 
lity which the breadth of the lower orifice of the glaſs gives to the whole inſtrument. 
Beſides which, we have theſe other conveniencies, that not only the ſiphon is hereby 
much lengthened, which in divers trials is very fit; but alſo that we may commodi- 
ouſly place in the glaſſy part of this compounded ſiphon, a gage whereby to diſcern from 
time to time how much the air is drawn out of the veſſel to be exhauſted, 


touching the Spring of the Air. 


EXPERIMENT XI. 


About the differing heights whereto liquors will be elevated by ſuftion, according to their 
ö ſeveral ſpecifick gravities. | 


Ir when I was making the foregoing experiment I had been able to procure a pipe 
long enough, I had tried to what height I could raiſe water by ſuction, though I would 
have done it rather to ſatisfy others than myſelf, who ſcarce doubted but that as water 
is (bulk for bulk) about 14 times lighter than quickſilver, ſo it would have been raiſed 
by ſuction to about four or five-and-thirty feet (which is 14 times as high as we were 
able to elevate the quickſilver) and no higher. But being not furniſhed for the trial I 
would have made, I thought fit to ſubſtitute another, which would carry the former 
experiment ſomewhat further. For whereas in that we ſhewed how high the atmo- 
ſphere was able by its whole gravitation to raiſe quickſilver; and whereas likewiſe that 
which appears in Monſieur PaſchaPs experiment is, at what height the whole weight 
of the atmoſphere can ſuſtain a cylinder of water : by the way that I thought on, it 
would appear (which hath not yet that I. know of been ſhewn) how a part of the preſ- 
ſure of the air would in perpendicular pipes raiſe not only the two mentioned liquors, 
but others alſo to heights anſwerable to the degree of preſſure, and proportionable to 
the ſpecifick gravities of the reſpective liquors, 

To make this trial the more clear and free from exceptions, I cauſed to be made and 
inſerted to the ſhorter leg of the above-mentioned exhauſting ſiphon a ſhort pipe, 
which branched itſelf equally to the right hand and the left, as the adjoining figure de- Plate III. 
clares. In which contrivance I aimed at theſe two conveniences ; one that I might Fig 3 
exhauſt two glaſs-canes at the ſame time; and the other, to prevent its being ſurmiſed 
that the engine was not equally applied to both the glaſſes to be exhauſted. This ad- 
ditional braſs-pipe, being carefully cemented into the ſucking ſiphon, we did to each 
of its two branches take care to have well faſtened with the ſame cement a cylindrical 
glaſs of about 42 inches in length (that being ſomewhat near the height of our ex- 
hauſting ſiphon above the floor) the lower orifice of one of theſe two glaſſes being 

- immerſed in a veſſel of ſtagnant mercury, and that of the other in a veſſel of water, 
where care was taken by thoſe I employed, that as the tubes were choſen near of a big- 
nels (which yet was not neceſſary) ſo the ſurfaces of the two different liquors ſhould be 
near of a height. This being done, we began to pump warily and flowly, till the 

water in one of the pipes was elevated about 42 inches; and then meaſuring the height 
of the quickſilver in the other pipe above the ſurface of the ſtagnant quickſilver, we 
found it to be almoſt three inches; ſo that the water was about 14 times as high as the 
quickſilver. And to proſecute the experiment a little further, we very warily let in a 
little air to the exhauſting ſiphen, and had the pleaſure to ſce the two liquors pro- 
portionably deſcend, till turning the ſtop-cock when the water was about 14 inches 
high, we thereby kept them from ſinking any lower, till we had meaſured the height 
of the quicklilver, which we found to be about one inch. 

We tried alſo the proportion of theſe two liquors at other heights, but could not 
eaſily meaſure them ſo well as we did at thoſe newly mentioned; and therefore though 
there ſeemed to be ſome flight variation, yet we looked upon it but as what might be 
well imputed to the difficulty of making ſuch experiments exactly ; and this ditpleaſed 
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me not in theſe trials, that whereas it was obſerved, aud ſomewhat wondered at, that 
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the quick ſilver for the moſt part ſeemed to be ſomewhat (though but a very little) 
higher than the proportion of 1 to 14 required, I had long before by particular trials 
| found that though 14 and 1 be the neareſt of ſmall integer numbers that expreſs the 
1 proportion between the ſpecifick gravities of quickſilver and water, yet the former of 
iy - _thole fluids (or at leaſt that which I made my trials with) is not quite ſo heavy as this 

; proportion ſuppoſes, though I ſhall not here ſtay to determine preciſely the difference, 
having done it in another tract, where the method I employed in the inveſtigation of ir 
is alfo ſet down. offs 

Tre above-mentioned experiment, made by the help of our engine, as to quickſilver 
and water being confirmable by trials (to be by and by mentioned) made in other liquors, 
affords our hypotheſis too conliderable advantages above the vulgar doctrine of the ſchools 
(for I do not apply what follows to all the pleniſts) who aſcribe the aſcenſion of liquors by 
ſuction to attraction made ob fugam vacui, as they are wont to ſpeak. | 

For firſt it is manifeſtly agreeable to our doctrine, that ſince the air, according to it, 

| is a fluid that is not void of weight, it ſhould raiſe thoſe liquors that are lighter, as 

| p water, higher than thoſe that are ponderous, as quickſilver; and that anſwerably to the 
| diſparity of their weights. And ſecondly, there is no reaſon why, if the air be with- 
| | drawn by ſuction from quickſiver and water, there ſhould be leſs left a vacuum above 
| the one than above the other, in cafe either of them ſucceed not in the place deſerted 
|| by the air; and conſequently when the air is withdrawn out of both the forementioned 
| glaſs- pipes, if there would be no vacuum in caſe no liquor ſhould ſucceed it, why does 
| | nature needleſsly to prevent a vacuum make the water, that is an heavy body, aſcend 
{0 contrary to its own nature, according to which it tends towards the center of the earth? 
And if the ſucceeding of a liquor be neceſſary to prevent a vacuum, how chance that na- 
ture does not elevate the quickſilver as well as the water; eſpecially ſince it is manifeſt 
q by the foregoing experiment, that ſhe is able to raiſe that ponderous liquor above 26 in- 
4 ches higher than ſhe did in the experiment we are now diſcourſing of. . 
PERHAPS it would not be amiſs to take notice on this occaſion, that among other ap- 
plications of this experiment it may be made ſomewhat uſeful to eſtimate the differing gra- 
vities of liquors z to which purpoſe I cauſed to be put under the bottom of the fore-men- 
_ tioned glaſs. pipes two veſſels, the one with freſh water, and the other with the like water 
impregnated with a good proportion of ſea- ſalt that I had cauſedeo be diſſolved in it, 
1 for want of ſea- water, which I would rather have employed. And I found that when 
14 the freſh water was raiſed to about 42 inches, the ſaline ſolution had not fully reached 
to 40. | 
Bur though this difference were double to that which the proportion and gravity 
betwixt our ſea-water and freſh water would have required; yet to make the diſpa- 
rity more evident, and alſo becauſe I would be able the better to gueſs at the propor- 
tion of the diſſolved ſalt, by making it as great as I could, I cauſed an unuſual brine 
to be made, by ſuffering ſea- ſalt to deliquate in the moiſt air; and having applied this 
liquor and freſh water to the two already mentioned pipes, and proceeded after the for- 
mer manner, we found that when the pure water was elevated to near 42 inches, the 
| liquor of -ſea-ſalt wanted about 7 inches and a quarter of that height; and when the 
1 water was made to ſubſide to the middle of its pipe, or thereabouts, the ſaline liquor 
in the other pipe was between three and four inches lower than it. 

I wouLD have tried the difference between theſe liquors and oil, but the coldneſs of the 
weather was unfavourable to ſuch a trial : but to ſhew a far greater diſparity than that 
would have done betwixt the height of liquors of unequal gravities, | took fair wa- 
ter, and a liquor made of the ſalt of pot-aſhes ſuffered to run in a ſellar per _— 
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touching the Spring of the Air. 


(this being one of the ponderouſeſt liquors I ever prepared) and having proceeded as in 
the former trials, I found that when the common water was about 42 inches high, the 
newly mentioned ſolution wanted ſomewhat of 30 inches; and when the water was made 
to ſubſide to the middle of its pipe, or thereabouts, the deliquated liquor was between 
6 and 7 inches lower than it. 

I nap ſome thoughts, when I applied myſelf to make theſe trials, to examine how 
well we could by this new way compare the ſaltneſs of the waters of ſeveral ſeas, and 
thoſe al ſo of ſalt-ſprings z and likewiſe whether and (if any thing near) how far we might 


by this method determine the proportion of the more ſimple liquors that may be 


mingled in compounded ones, as in the mixture of water and wine, vinegar and wa- 
ter, &c. but being not provided with inſtruments fit for ſuch nice trials, and a mif- 
chance having impaired the glaſſes lately mentioned before the laſt trials were quite 
ended, and having ſoon after broken one of them, I laid aſide thoſe thoughts. 


EXPERIMENT XIII. 


About the heights to which water and mercury may be raiſed, proportionably to their 
ſpecifick gravities, by the ſpring of the air. 


Is proſecution of the parallel formerly begun betwixt the effects of the weight of the 
atmoſphere, and the ſpring of included air, we thought fit, after the foregoing, to make, 
the following experiment. 

Ws: took a ſtrong glaſs-bottle, capable to hold above a pint of water, and having in 
the bottom of it lodged a convenient quantity of mercury, we poured on it a greater 
quantity of water (becauſe this liquor was to be impelled up many times higher than 
the other) and having provided two ſlender glaſs-pipes, each open at both ends, we ſo 
placed and faſtened them by means of the cement, wherewith we choaked the upper 
part of the neck of the bottle, that the ſhorter of the pipes had its lower orifice immerſed 
beneath the ſurface of the quickſilver, and the longer pipe reached not quite fo low as 
that ſurface, and ſo was immerſed but in the water, by which contrivance we avoided 
the neceſſity of having two diſtinct veſſels for our two ſtagnant liquors, which would 
have been inconvenient in regard of the ſlenderneſs of the upper part of our receiver. 
This done, we conveyed the bottle into a fitly ſhaped receiver (tormerly deſcribed at 
the firſt experiment, and having begun to pump out the air, we, took notice to what 
heights the quickfilver and water were impelled up in their reſpective tubes, on which 
we had before made marks from inch to inch with hard wax (that they might not be 
removed by wet or rubbing) and we obſerved that when the quickſilver was impelled 
up to two inches, the water was raiſed to about eight - and-twenty ; and when the quick- 
{ſilver was about one inch high, the water was about fourteen. I ſay, about, partly be- 
cauſe ſome allowances mult be made for the ſinking of the ſuperficies of the ſt:zgnant 
quickſilver, and the greater ſubſidence of that of the ſtagnant water, by reaſon of the 
liquors impelled into the two pipes; partly becauſe that the breadth of the mark of wax 
was conſiderable, hen the quickſilver was but about an inch high, and ſo made it difli- 
cult to diſcern the exact height of the metal, when the water was fallen down to four- 
teen inches; eſpecially in regard that the quickſilver never aſcending ſo high as the 
neck of the bottle (which the water left far benea h it) the thickneſs of the receiver, and 
that of ſo ſtrong a bottle, made it difficult to diſcern ſo clearly the ſtation of the quick- 
lilver as I could have wiſhed, 
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EXPERIMEN T XIV. 


About the beights anſwerable to their reſpektive gravities, to which mercury and water 
| will ſubſide, upon the withdrawing of the ſpring of the air. 


For the further illuſtration of the doArine propoſed in the laſt, and ſome of the fore- 
going experiments, about the raiſing and ſuſtentation of liquors in pipes by the preſſure 
of the air, I thought it not unfit to make the following trial, though it were eaſy to 
foreſee in this peculiar experiment a peculiar difficulty. | 

Wr cauſed then to be conveyed into a fitly ſhaped receiver two pipes of glaſs very un- 
even in length, but each of them ſealed at one end: the ſhorter tube was filled with 
mercury, and inverted into a ſmall glaſs jar, wherein a ſufficient quantity of that liquor 
had been before lodged ; the longer pipe was filled with common water, and inverted 
into a larger glaſs, wherein likewiſe a fit proportion of the ſame liquor had been put. 

Trex the receiver being cloſely cemented on to the engine, the air was pumped out 

for a pretty while before the mercury began to ſubſide ; but when it was ſo far with- 
drawn, that its preſſure was no longer able to keep up a mercurial cylinder of that 
height, that liquid metal began to fink ; the water in the other tube, though this were 
three times as long, ſtill retaining its full height. But when the quickſilver was fallen 
fo low, as to be but between three and four inches above the ſurface of the ſtagnant 
quickſilver, the water alſo began to ſubſide, but ſooner than according to the laws of 
mere ſtaticks it ought to have done, becauſe many aerial particles emerging from the 
body of the water to the upper part of the glaſs, did by their ſpring concur with the 
gravity of the water to depreſs this liquor. And ſo when the quickſilver was three in- 
ches above the ſtagnant mercury, the water in the other pipe was fallen divers inches 
beneath 42, and ſeveral inches beneath 28, when the mercury had ſubſided an inch 
lower. But this being no more than was to be expeCted, after we had cauſed the pump- 
ing to be a while continued, to free the water the better from the latitant air, we let in 
the external air ; and having thereby impelled up again both the liquors into their pipes, 
and removed the receiver, we took out thoſe pipes, and inverting each of them again 
to let out the air (for even that which held the quickſilver had got a ſmall bubble, 
though inconſiderable in compariſon of the air that had got up out of the water) we 
filled each of them with a little of the reſtagnant liquor belonging to it; and inverting 
each tube once more into its proper liquor, we repeated the experiment, and found it, 
as it ſeemed, to require more pumping than before to make the liquors begin to ſub- 
ſide z ſo that when the mercury was fallen to three inches, or two or one, the water ſub- 
ded ſo near to the heights of 42, 28, or 14 inches, that we ſaw no ſufficient cauſe to 
hinder us from ſuppoſing that the little differences that appeared between the ſeveral 
heights of the quickſilver, and fourteen times as great heights of the water (which fell 
ſomewhat lower than its proportion in gravity required) proceeded from ſome aerial 
corpuſcles yet remaining, in ſpite of all we had done, in the water, and by their ſpring, 
though but faint, when once they had emerged to the upper part of the glaſs, further- 
ing a little the depreſſion of it: not now to mention leſſer circumſtances, particularly 
the ſurface of the ſtagnant water did not inconſiderably riſe by the acceſſion of the water 
lately in the pipe; whereby the cylinder of water, raiſed above that ſurface, became by 
ſo much the ſhorter, However your lordſhip may, if you think fit, cauſe the experi- 
ment to be reiterated, which I could not well do, by reaſon of a miſchance that befel 
the receiver, 
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touching the Spring of the Air. 


EXPERIMENT XV. 
About the greateſt height to which water can be raiſed by attract on or ſucking pumps. 


Since the making and the writing of the foregoing experiments, having met with 
an opportunity to borrow a place ſomewhat convenient to make a trial to what height 
water may be raiſed by pumping, I thought not fit to neglect it. For though both by 
the conſideration of our hypotheſis, to whoſe truth ſo many phænomena bear witnels z 
and though particularly by the conſequences deducible from the three laſt recited ex- 

riments I were kept from doubting what the event would be, yet I thought it worth 
while to make the trial. 


I xxow what is ſaid to have been the complaint of ſome pump-makers: but I con- 


feſs the phenomenon it was grounded on, ſeemed not to me to be certainly enough 


delivered by a writer or two, that mention what they complained of; and their obſer- 
vation ſeems not to have been made determinately or carefully enough for a matter of 
this moment; fince that which they complain of ſeems to have been in general, that 
they could not by pumping raiſe water to what height they pleaſe, as the common 
opinion of philoſophers about nature's fuga vacui made them expect they might. And 
it may well have 1 that as they endeavoured only to raiſe it to the height their 
occaſions required, ſo all that their diſappointment manifeſted was, that they could 
not raiſe it to that particular height; which did not determine, whether, if the pump 
had been a foot or a yard ſhorter, the water would then have been elevated to the 
upper part of it or no: but that which I chiefly conſider is, that theſe being but tradeſ- 
men that did not work according to the dictates of, or with deſign to ſatisfy a philo- 
ſophical curioſity, we may juſtly ſuſpect that their pumps were not ſufficiently ſtanch, 
nor the operation critically enough performed and taken notice of, 

WHEREFORE, partly becauſe a trial of ſuch moment ſeemed not to have yet been 
duly made by any, and partly becauſe the varying weight of the atmoſphere was not 
(that appears) known, nor (conlequently) taken into conſideration by the ingenious 


Monſieur Paſchal] in his famous experiment, which yet is but analogous to this; and 


partly becauſe ſome very late, as well as learned writers, have not acquieſced in h.s 
experiment, but do adhere to the old doctrine of the ſchools, which would have water 
raiſeable in pumps to any height, ob fugam vacui (as they ſpeak) 1 thought to make 
the beſt ſhifc I could to make the trial, of which 1 now proceed to give your lordſhip 
an account. 

Tux place I borrowed for this purpoſe was a flat roof about 30 feet high from the 
ground, and with rails along the edges of it. The tube we made ule of ſhould have 
been of glaſs, if we could have procured one long and ſtrong enough z; but that be— 
ing excceding difficult, eſpecially for me who was not near a gla!s-houle, we were 
fain to cauſe atin-man to make ſeveral pipes of above an inch bore (for of a great length 
it was alledged they could not be made ſlenderer) and as long as he could, of tin or 
latien, as they call thin plates of iron tinned over; and theſe being very carefully 
ſodered together made up one pipe of about one or two-and-thirty feet long, which be- 


Ing tied to a pole, we tried with water whether it was ſtanch, and by the efluxions ct 


that liquor finding where the leaks were, we cauſed them to be ſtopped with !ader 
and then for greater ſecuricy, the whole pipe, eſpecially at the commiſſures, was Gili— 
gently caſed over with our cloſe black cement, upon which plaiſter of Paris was ſtrewed 
| ; [0 
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to keep it from ſticking to their hands or cloaths that ſhould manage the pipe; at 
the upper part of which was very carefully faſtened with the like cement a ſtrong pipe 
of glaſs, of between 2 and 3 feet in length, that we might ſee what ſhould happen at 
the top of the water; and to the upper part of this pipe was (with cement, and by 
the means of a ſhort elbow of tin) very cloſely faſtened another pipe of the ſame 
metal, conſiſting of two pieces, making a right angle with one another, whereof the 
upper part was parallel to the horizon, and the other, which was parallel to the glaſs- 
pipe, reached down to the engine, which was placed on the flat roof, and was to be 
with good cement folicitouſly faſtened to the lower end of this deſcending part of the 
pipe, whoſe horizontal leg was ſupported by a piece of wood nailed to the above men- 
tioned rails; as the tube alſo was kept from overmuch ſhaking by a board faſtened to 
the ſame rails, and having a deep notch cut in it, for the tube to be inſerted into. 
Tris apparatus being made, and the whole tube with its pole erected along the 
wall, and faſtened with ſtrings and other helps, and the deſcending pipe being care- 
fully cemented on to the engine, there was placed under the bottom of the long tube 
a convenient veſſel, whereinto ſo much water was poured, as reached a great way 
above the orifice of the pipe, and one was appointed to ſtand by to pour in more as 
need ſhould require, that the veſſel might be ſtill kept competently full.  - | 
AFTER all this, the pump was ſet on work; but when the water had been raiſed to 
great height, and conſequently had a great preſſure againſt the ſides of the tube, a 
ſmall leak or two was either diſcovered or made, which, without moving the tube, we 
cauſed to be well ſtopped by one that was ſent up a ladder to apply ſtore of cement 
where it was requiſite. | | 
WHEREFore, at length we were able, after a pretty number of exſuctione, to raiſe 
the water to the middle of the glaſs pipe abovementioned, but not without great ſtore 
of bubbles, made by the air formerly concealed in the pores of the water, and now 
emerging, which for a pretty while kept a kind of foam upon the ſurface of it (freſh 
ones continually ſucceeding thoſe that broke). And finding the engine and tube as 
ſtanch as could be well expected, I thought it a fit ſeaſon to try what was the utmoſt 
height to which water could by ſuction be elevated; and therefore, though the pump 
ſeemed to have been plied enough already, yet for further ſatisfaction, when the water 
was within few inches of the top of the glaſs, I cauſed twenty exſuctions more to be 
nimbly made, to be ſure that the water ſhould be raiſed as high as by our pump it 
could be poſſibly. And having taken notice where the ſurface reſted, and cauſed a 
piece of cement to be ſtuck near it (for we could not then come to reach it exactly) 
and deſcending to the ground where the ſtagnant water ſtood, we cauſed a ſtring to be 
let down, with a weight hanging at the end of it, which we applied to a mark that had 
been purpoſely made at that part of the metalline tube, which the ſuperficies of the 
ſtagnant water had reſted at, when the water was elevated to its full height : and the 
other end of the ſtring being by him that let it down applied to that part of the glaſs, 
as near as he could gueſs, where the upper part of the water reached, the weight was 
pulled up; and the length of the firing, and conſequently the height of the cylinder 
of water was meaſured, which amounted to 33 tect, and about 6 inches. Which 
done, I returned to my lodging, which was not far off, to look upon the baroſcope, 
to be informed of the prefent weight of the atmoſphere, which I found to be but mode- 
rate, the quickſilver ſtanding at 29 inches, and between 2 and 3 eighths of an inch. 
This being taken notice of, it was not difficult to compare the ſucceſs of the experiment 
with our hypotheſis. For if we ſuppoſe the moſt received proportion in bulk between 
cylinders of qu ckſilver and of water of the ſame weight, namely that of 1 to 14, the 
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touching the Spring of the Air. 


height of the water ought to have been 34 feet and about 2 inches, which is about 8 
inches greater than we found it. But then your lordſhip may be pleaſed to remember 
that I formerly noted, before ever I made this experiment, that I did not allow the pro- 
portion. betwixt mercury and water (at leaſt ſuch water as I made my trials with) to be 
altogether ſo great; and though in ordinary experiments we may with very little incon- 
venience make uſe of that proportion to avoid fractions, yet in ſo tall a cylinder of water 
as ours was, the difference is too conſiderable to be neglected. If therefore, inſtead 
of making an inch of quickſilver equivalent to 14 inches of water, we abate but a 
quarter of an inch, which is but a 556th part of the height of the water, this abatement 
being repeated 29 times and a quarter, will amount to 7 inches and above a quarter; 
which added to the former height of the water, namely 33 feet and 6 inches, will make 
up 34 feet and above an inch; ſo that the difference between the height of the mercury 
ſuſtained by the weight of the atmoſphere in the baroſcope, and that of the water raiſed 
and ſuſtained by the preſſure of the ſame atmoſphere in the long tube, did not appear 
to differ more than an inch or two from the proportion they ought to have had, ac- 
cording to the difference of their ſpecifick gravities. And though in our experiment 
the difference had been greater, provided it exceeded not 8 or 10 inches, it would not 
have been ſtrange z partly, becauſe of the difficulty of meaſuring all things ſo exactly in 
ſuch an experiment; partly, becauſe as waters are not all of the ſame weight, ſo a little 
diſparity of it in ſo long a cylinder may be conſiderable; and partly, and perhaps chiefly, 
becauſe the air flying out of the bubbles that roſe out of ſo great a quantity of water, 
and breaking at the top of it, and ſo near that of the tube, might, by its ſpring, 
though but very weak, aſſiſting the weight of ſo much water, ſomewhat (though not 
much) hinder the utmoſt elevation of that liquor, But our experiment did not make it 
needful for me to inſiſt on theſe conſiderations z and the inconſiderable difference that 
was betwixt the height of the water we found, and that which might have been wiſhed, 
did rather countenance than at all disfavour the thing to be made out by our experiment, 
ſince by no pumping we could raiſe the water quite ſo high (though I confeſs it wanted 
but very little) as the weight of the atmoſphere was able to keep up a cylinder of mer- 
cury proportionable to it in height, and equivalent in weight : and yet I preſume your 
lordſhip will eaſily grant that there was at leaſt as much care uſed in this experiment to 
keep the things about it tight, as has been wont to be uſed by tradeſmen in their 
pumps, where it is not ſo eaſy cither to prevent a little inſinuation of the air, or to 
: diſcern it. | 

IT is not that I am ſure, that even all our care would have kept the water for any 
long time at its full height; but that the air was ſufficiently exhauſted for our purpoſe, 
when we determined the height of the water, I was induced to conclude by theſe cir- 
cumſtances. 

I. As well the conſtruction of the engine, as the many formerly related experiments. 
that have been ſucceſsfully tried with it, ſhew, that it is not like it ſhould be inferior in 
cloſeneſs to the great water-pumps made by ordinary tradeſmen ; and particularly the 
XIth experiment foregoing manifeſts, that by this pump quickſilver was raiſed to as great 
a height as the atmoſphere is able to ſupp ort in the Torricellian experiment. 

II. The ſtanchneſs of the pipe appeared by the diminution (as to number) of bubbles 
that appeared at the top of the water, and by their ſize too; for when there was a leak 
(though but ſo very ſmall, that the water could not get out at in the tube) it might 
uſually be taken notice of by the attentive ear of him that ſtood to watch upon the ladder 
erected by the ſide of the tube; and the air that got in did caſily diſcover itſelf to the 
eye by large bubbles, manifeſtly differing from thole that came from the acrial particles 

belonging 
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belonging to the water; and if the leak were not ſo very ſmall, the air that got in 
would ſuddenly lift up the water above it, and perhaps fill with it the deſcending 

N Hill. Tnovon there had been ſome imperceptible leak, yet that would not have hin- 

dered the ſucceſs of the experiment for the main; for in leaks that have been but ſmall, 

though manifeſt enough, we have often, by cauſing the pump to be plied leſs nimbly 
than it now was, been able to proſecute our trials; becauſe the pump carried off till 
more air than could get in at a leak that was no greater, 
IV. Axp that little or no intruding air was left in the upper part of our tube, was 
evident by thoſe marks, whereby it was eaſy for them that are well acquainted with the 
| pump, to eſtimate what air is left in the veſſel it ſhould exhauſt; and particularly to- 
fi wards the end of our operation I obſerved, that when the ſucker was depreſſed, there 
| | came out of the water that covered the pump ſo very few bubbles, that they might be 
| imputed to the air afforded by the bubbles ſpringing from the water in the tube, 
| whereas if any adventitious air had got into that cylinder of water, it would have appeared 
| in the water that covered the pump. | 
| V. LasTLy, it were very ſtrange, that if the water was but caſually hindered by 
. ſome leak from aſcending any higher, it ſhould be ſo eaſy to raiſe it to the very number 


of feet that our hypotheſis requires, and yet we ſhould be unable by obſtinate pumping 
to raiſe it one foot higher. | | 

N. B. 1. As ſoon as we had made our experiment, and thereby found that what was 
requiſite to it was in order; I ſent to give notice of it to Dr. Wallis and Dr. Wren, as 
5 whoſe curioſity makes them as well delighted with ſuch trials, as their deep 


| nowledge makes them moſt competent judges of them. But before they could be 
| found, and come, it being grown ſomewhat late and windy, I, that was not very well, 
ll | and had tired myſelf with going up and down, could not ſtay with them fo long as l 
1 Intended, but leaving the reſt of the repeated experiments to be ſhewn them by F. M. 
(who had been very induſtrious in fitting and erecting the tube) they and their learned 
friend (whom they brought with them) Dr. Millington told me a while after, that they 
1 | alſo had found the greateſt height to which they could raiſe the water to be 33 feet and 
| an half. 
2. Wren the water began firſt to appear in the glaſs, the bubbles would be, as I 
| had foretold, exceeding numerous ſo as to make a froth of near a foot high, if the water 
were newly brought, and had never been raiſed in the tube before. But if the pumping 
| were long continued, the number and height (or at leaſt one of the two) of the aggregate 
: of bubbles would (as there remained fewer and fewer aerial particles in the water) be leſſer 
1 and leſſer ; but their emerging did never, that I remember, wholly ceaſe. 
3. AT the beginning alſo there would appear great vibrations of the water in the 
upper part of the tube; the riſing and the falling amounting ſometimes to a foot, or 
near half a yard: but theſe grew leſſer and leſſer, as thoſe of the quickſilver in the Tor- 
ricellian experiment uſe to do. | | 
4. One way uſe an ordinary pail to hold the ſtagnant water; but we rather employed 
a veſſel of earth, made for another purpoſe, ſomewhat ſlender and of a cylindrical ſhape, 
becauſe in a narrow veſſel it is more caſy to gueſs by the riſing and falling of the liquor, 
how the pump 1s plied, and to perceive even ſmaller leaks. 
| 5. I musT not forget to take notice, that though the newly named gentlemen came 
| to me (when they had ſeen the experiment tried) within leſs than an hour after the 

| time I had looked upon the baroſcope, and obſerved the quickſilver to ſtand ſomewhat 
' 


beneath 29 inches and three cighths; yet, when preſently upon their return J conſulted 
cle 
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the ſame inſtrument again, the mercury appeared to be ſenſibly riſen, being ſomewhat 
(though but very little) above nine and twenty inches and three eighths ; and five or ſix 
hours after (at bed-time) I found it to be yet more conſiderably riſen. Which may keep 
your lordſhip from wondering at what I intimated a little above, touching Monſieur Paſ- 
chal's experiment, as well as touching the diſappointment of the pump-makers endea- 
vours. For it is not only poſſible, that (as I have elſewhere noted) water may be raiſed 
in the ſame pump, though we ſuppoſe it ſtill equally ſtanch, higher at one time than at 
another: but it was contingent, that, in Monſieur Paſcbal's noble attempt to imitate 
the Torricellian experiment with water inſtead of quickſilver, the proportion betwixt the 
heights of thoſe two liquors in their reſpective tubes anſwered ſo well to their ſpecifick 
gravities; for the varying weight of the atmoſphere being not then, that appears, 
known, or conſequently taken into conſideration ; if Monſieur Paſchal, having tried the 
Torricellian experiment when the air was, for inſtance, very heavy, had tried his own 
experiment when the atmoſphere had been as light as I have often enough obſerved it 
to be, he might have found his cylinder of water to have been half a yard or two 
feet ſhorter than the formerly meaſured height of the quickſilver would have re- 
quired. 

b Inv now no more to add about this fifteenth experiment, but that it may ſerve 
for a ſufficient confirmation of what I note in another treatiſe, againſt thoſe hydraulical 
and pneumatical writers who pretend to teach ways of making water paſs by inflected 
pipes, and by the help of ſuction, from one fide of a mountain to the other, be the 
mountain never ſo high. For if the water be to aſcend as it were ſpontaneouſly above 


35 or 36 feet, a ſucking pump will not ordinarily, at leaſt here in England, be able to 


raiſe it. 


Ax now I ſpeak of mountains, it will not be altogether impertinent to add, that if 
it had not been for unſeaſonable weather, I had thought fit to make the foregoing eleventh 
experiment (of elevating mercury by ſuction) to be tried at the top of an hill not far 
from the place I then was at. For by what has been already delivered, it appears, that 
we might have eſtimated the height to which the water may be there elevated by ſuc- 
tion, without repeating the experiment with a thirty-five feet tube (which we could not 
hope for conveniency to do) by the utmoſt height to which our engine could have raiſed 
mercury; and it may be of ſome uſe to be able from experiments to make ſome eſti- 
mate (for it can ſcarce be an accurate one) how much it may be expected that pumps 
ſhall (ceteris paribus) loſe of their power of elevating water by ſuction, by being em- 
1 at the top of an hill, inſtead of being ſo at the bottom, or on a plain. Remem- 

ring always what I lately intimated, that even in the ſame place liquors will be brought 
to aſcend by ſuction to a greater or leſs height at one time than another, according to 
the varying gravity of the atmoſphere. | 


EXPERIMEN T XVI. 
About the bending of a ſpringy body in the exhauſted receiver, 


Tux cauſe of the motion of reſtitution in bodies, and conſequently of that which 
makes ſome of them ſpringy, which far the greater part of them are not, has been inge- 
niouſly attempted by ſome modern corpuſcularians, and eſpecially Carteſians. But ſince 
divers learned and judicious men do ſtill look upon the cauſe of elaſticity as a thing that 


needs to be yet farther inquired into; and becauſe I am not my ſelf fo well ſatisfied as to 
Vol. III. D d 
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| ſpringy; and this I the rather did, becauſe I had * elſewhere ſhewn that there is no need 


tion under it, that if the ſpring were but a little weakened, the weight muſt either lean 


was ſo near the plain, that a little increaſe of ic muſt be viſible, 


the air, not conſidered as a body that had any thing to do directly with the ſpring, but 


artificial contrivances. 
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blame their curioſity, I held it not unfit to examine by the help of our engine their con- 
jecture, who imagine that the air may have a great ſtroke in the making of bodies 


to aſſert, that in all bodies that have it, the elaſtical power flows immediately from the 
form, but that in divers of them it depends upon the mechanical ſtructure of the 
body. 

To make ſome trial, therefore, whether the air have any great intereſt in the motion 
of reſtitution, we took a piece of whalebone of a convenient bigneſs and length; and 
having faſtened one end of it in a hole made in a thick and heavy trencher, to be placed 
on the plate of the engine, we tied to the other end a weight, whereby the whalebone 
was moderatcly bent, the weight reaching down ſo near to a body placed in a level poſi- 


upon, or at leaſt touch the horizontal plain; or if on the other ſide the ſpring ſhould 
grow ſenſibly ſtronger, it might be eaſily perceived by the diſtance of the weight, which 


Tx1s done, we conveyed theſe things into the receiver, and ordered thoſe that 
pumped to ſhake it as little as they could, that the weight might not knock againſt the 
body that lay under it, or ſo ſhake it, as to hinder us from diſcerning whether or no it 
were depreſſed by the bare withdrawing of the air. 

Axp when the air had been well pumped out I watched attentively, whether any nota- 
ble change in the diſtance of the weight from the almoſt contiguous plain would be pro- 
duced upon its being let in again; for the weight was then at reſt, and the returning ai 


alr 


flowing in much more ſpeedily than it could before be drawn out, I thought this the 
likelieft time to diſcover whether the abſence of the air had ſenſibly altered the ſpring of 
the whalebone : but though the experiment were made more than once, I could ſatisfy 
myſelf only in this, that the depreſſion or elevation of the weight that was due to the 
true and mere change of the ſpring, was not very conſiderable, ſince I did not think 
myſelf fure that I perceived any at all: for though ir be true that ſometimes, when the 
receiver was well exhauſted, the weight ſeemed to be a little depreſſed, yet that I 
thought was very little, if any thing more than what might be aſcribed to the abſence of 


as a body that had ſome (though but a little) weight; upon which account it made the 
medium, wherein the experiment was tried, contribute to ſupport the weight that bent 
the ſpring ; which weight, when the air was abſent, muſt (being now in a lighter me- 
dium) have its gravitation increaſed by as much weight as a quantity of the exhauſted 
air, equal to it in bulk, could amount to: but this experiment being tried only with 
whalebone, and in a receiver not very great, may deſerve to be further tried in taller 
glaſſes, with ſprings of other kinds, and by the motions of a watch, and other. more 


In notes about the hiſtory of Elaſticity. 
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About the making of mercurial and other 520% 1 to eftimate how. the receiver is ex- 
hauſted. 


Bzcavss the air being inviſible, it is not always eaſy to know whether it be ſuffi- 
ciently pumped out of the receiver that was to be exhauſted, we thought it would be 
very convenient to have ſome inſtrument within the receiver that might ſerve for a gage 
or ſtandard, whereby to judge whether or no it were ſufficiently exhauſted. 

To this purpoſe divers expedients were thought on, and ſome of them put in practice ; 
which, though not equally commodious, may yet all of them be uſefully employed, one 
on this occaſion, and another on that. 

Tae firſt (if I miſremember not) that I propoſed was a bladder (which may be greater 
or leſs, according to the ſize of the veſſel it is to ſerve for) to be very ſtrongly tied at 
the neck, after having had only ſo much air left in the folds of it as may ſerve to blow 
up the bladder to its full dimenſions, when the receiver is very well exhauſted, and not 
before. But though your lordſhip will hereafter find that I yet make uſe of ſmall 
bladders on certain occaſions, in which they are peculiarly convenient, yet in many caſes 
they do, when the glaſſes are well exhauſted, take up too much room in them, and 
hinder the objeAs included in the receiver from being obſerved from all the ſides of it. 

ANOTHER fort of gage was made with quickſilver poured into a very ſhort pipe, 
which was afterwards inverted into a little glaſs of ſtagnant quickſilver, according to 


the manner of the Torricellian experiment. For this pipe being but a very few inches 


long the mercury in it would not begin to deſcend till a very great proportion of air 
was pumped out of the receiver; becauſe till then the ſpring of the remaining air would 
be ſtrong enough to be able to keep up ſo ſhort a cylinder of mercury. And this kind 
of gage is no bad one. But becauſe, to omit ſome other little inconveniencies, it cannot 
eaſily be ſuſpended (which in divers experiments it is fit the gage ſhould be) and the 
mercury in it is apt to be too much ſhaken by the motion of the engine, there was an- 
other kind of gage by ſome ingenious man (whoever he were) ſubſtituted in its place, 
conſiſting of a kind of ſiphon whoſe ſhorter leg hath belonging to it a large bubble of 
glaſs, moſt commonly made uſe of at an illuſtrious meeting of virtuoſi; where your 
lordſhip having ſeen it, I ſhall not need to deſcribe it more particularly. 

Bur none of the gages I had formerly uſed, nor even this laſt, having the conve- 
niences that ſome of my experiments require, I was fain to deviſe another, which is 
that I moſt make uſe of, as having advantages, ſome or other of which each of the gages 
already mentioned wants; for even that with ſpirit of wine, not to mention leſſer diſad- 
vantages, hath a bubble too great to let it be uſeful in veſſels ſo ſlender, as for fome 
purpoſes I divers times employ ;z and this ſhort cylinder of ſo light a liquor as ſpirit of 
wine makes the ſubſidence of the liquor be indeed a good ſign, that the receiver is well 
exhauſted, but gives us not an account what quantity of air may be in the receiver, till 
It be ariived at that great meaſure of rarefaCtion ; and the ſame liquor, being upon a 
very {mall leak (ſuch as would not be prejudicial to many experiments) impelled up to 
the top of the gage, we cannot afterwards by this inſtrum-nt take any mealure of the air 
that gets in at the leak : but now there are divers experiments where I deſire to ſee the 
phznomena that will happen, not only (or perhaps not at all) upon the uttermoſt ex- 

2 hauſt.on 
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hauſtion of the air, but when the preſſure of it is withdrawn to ſuch or ſuch a meaſure, 
and alſo when the air is gradually re-admitted, 
S-e Plate To make the gage we are ſpeaking of, take a very ſlender and cylindrical pipe of 
II. Fig 4 glaſs of ſix, eight, ten, or more inches in length, and not ſo big as a gooſe-quill (but 
ſuch as we employ for the ſtems of ſealed weather-glaſſes) and having at the flame of 
a lamp melted it, but not too near the middle, to make of it by bending it a ſiphon, 
whoſe two legs are to be not only parallel to one another, but as little diſtant any where 
from one another as conveniently may be. In one (which is uſually the longer of theſe 
legs, there is to be left at the top either half an inch or a whole inch, or more or leſs 
than either (according to the length of the gage or the ſcope of the experimenter) of air 
in its natural ſtate, neither rarefied nor condenſed ; the reſt of the longer leg, and as 
great a part of the ſhorter as ſhall be thought fit, being to be filled with quickſilver. 
This done there may be marks placed at the outfide of the longer or ſealed leg, whereby 
ro meaſure the expanſion of the air included in the fame leg; and thefe marks may be 
either little glaſs knobs about the bigneſs of pins heads, faſtened by the help of a lamp 
at certain diſtances to the longer leg of the ſiphon, or elſe the diviſions of an inch made 
on a liſt of paper and paſted on, either to the ſiphon itſelf, or to the ſlender frame which 
on ſome occaſions we faſten the gage to. f 
Tr1s inſtrument being conveyed into a receiver (which for expedition ſake we chooſe 
as ſmall as will ſerve the turn) the air is to be very diligently pumped out, and then 
notice is to be taken to what part of the gage the mercury 'is depreſſed, that we may 
know, when we ſhall afterwards ſee the mercury driven io far, that the receiver the gage 
is placed in, is well exhauſted. And if it be much deſired to know more accurately (for 
one may arrive pretty near the truth by gueſs) what ſtations of the mercury in the gage 
are anſwerable to the degrees of the rarefaction of the air in the receiver, that may be 
compaſſed either by calculation (which is not ſo eaſy, and ſuppoſes ſome hypotheſes) or, 
though not without ſome trouble, by letting in the water as often as is neceſſary into a 
receiver, whoſe entire capacity is firſt meaſured, and in which there may be marks made 
to ſhew, when the water to be let in ſhall fill a fourth part, or half, or three quarters, 
& c. of the cavity. For if (for inſtance) when the quickſilver in the gage is depreſſed 
to ſuch a mark you let in the water, and that liquor appears to fill a fourth part of the 
receiver, you may conclude that about a fourth part of the air was pumped out, or that 
a fourth part of the ſpring that the whole included air had was loſt by the exhauſtion, 
when the quickſilver in the gage was at the mark above-mentioned. And if the admit- 
ted water do conſiderably either fall ſhort of, or exceed the quantity you expected, you 
may the next time let in the water either after the mercury has a little paſſed the former 
mark, or a little before it is arrived at it, And when once you have this way obtained 
one pretty long and accurate gage, you will not need to take ſo much pains to make 
others, ſince you may divide them by the help of that one; for this being placed with 
any other in a ſmall receiver, when the mercury in the ſtandard-gage (if I may fo call it) 
is depreſſed to any of the determinate diviſions obtained by obſervation, you may thence 
conclude how much the air in the receiver is rarefied, and conſequently by taking notice 
of the place where the mercury reſts in the other gage, you may determine what degree 
of exhauſtion in a receiver is denoted by that ſtation of the mercury in this gage. 
PERHAPSs I need not tell your lord hip that the ground of this contrivance was, that 
whereas in divers other gages, when the pump came to be obſtinately plied, the expan- 
ſion of the included air would be fo great, that it would either drive out the liquor, 
eſpecially if it were light, or in part make an eſcape through it; I judged that in ſuch 
an inſtrument as that newly. deſcribed, thoſe inconveniencies would be avoided, * 
that 


toucbing the Spring of the Air. 


that the more the air ſhould come to be dilated, the greater weight of quickſilver it 
would in the ſhorter leg have to raiſe, which would ſufficiently hinder it from making 
that heavy liquor run over; and the ſame ponderouſneſs of the liquor, together with 
the ſlenderneſs of the pipe, would likewiſe hinder the included air from getting through 
in bubbles. 7 0 
N. B. 1. Fox moſt experiments where exact meaſures are not required, it will not 
be ſo neceſſary to mark the gage at any other ſtation of the quickſilver than that which 
it is brought to by the exhauſtion of the receiver; for by that alone we may know, 
when the air is well pumped out of the receiver wherein the gage is included : and 
when one is a little uſed to ſome particular gage, one may by the ſubſidence of the mer- 
cury gueſs at the degree of the air's rarefaction, ſo near as may ſerve the turn in ſuch 
experiments, But when this inſtrument is to be uſed about nice trials, where it may be 
chought requiſite to have it divided according to one of the ways formerly propoſed, it 
will on divers occaſions be more ſecure (in caſe the maker of the gage has ſkill to do it) 
to put to the diviſions rather by little knobs of glaſs than by paper ; becauſe this will on 
ſuch occaſions be in danger either to be rubbed off or wetted. And if glaſs-marks be 
uſed, it will be convenient that every fifth, or tenth, or ſuch ordinal number as ſhall be 
judged fit, be made of glaſs of a differing colour, for diſtinction ſake, and the more 
eaſy reckoning : we ſometimes for a need apply, inſtead of theſe glaſs-knobs, little marks 
of hard ſealing-wax, which will not be injured by moiſture, as thoſe papers will that are 
paſted on; but theſe of wax, though in many caſes uſeful, are not comparable to the 
other in all; ſince if they be very ſmall, they are eaſily rubbed off; and if large, they 
make not the diviſion exact enough, and often hide the true place of the quickſilver. 
2. I SHALL here, about the mercurial gages, add only this hint, that what I propoſed 
to myſelf in that contrivance was not only to eſtimate the air pumped out of the 
receiver, or that remaining in it; but alſo, by the help of this inſtrument (as elſewhere 
by another experiment) to meaſure (ſomewhat near) the ſtrength of the ſpring of rare- 
fied air, according to its ſeveral degrees of rarefaction; and by this obſervation, in 
concurrence with other things, I hoped we might (according to what I have elſewhere. 
inſinuated) he aſſiſted to eftimate, by the cylinder of mercury raiſed in the open leg, 
the expanſion of the air included in the ſealed leg: but of theſe things I deſigned in 
this place to give but an intimation. 
3. Thar leg of the gage that includes the air, may be ſealed up either at the begin- 
ing, before the pipe be bent into a ſiphon, or (which is much better) after the follow- 
ing manner. Before you bend the pipe, draw out the end of it, which you mean to 
ſeal, to a ſhort and very ſlender thread; then having made the pipe a ſiphon, pour 
into the leg, which is to remain open, as much quick ſilver as you ſhall judge conve- 
nient, which will riſe to an equal height in the other leg; out of which, by gently in- 
clining the ſiphon, you may pour out the ſuperfluous mercury (if there be any) and 
when you ſee that there is an inch, or half an inch (or what part you deſigned to leave 
for air) unfilled with mercury next to the end- that is to be cloſed, and that the reſt 
of that leg, and as much (as you think fit) of the other is full of quickſilver, you 
may, by keeping the ſiphon in the ſame poſture, and warily applying the ſlender apex. 
above-mentioned to the upper part of the flame of a lamp, blown horizontal, eaſily 
ſeal up that apex without cracking or prejudicing the open leg, or conſiderably injuring 
the air-hole that was to be ſealed up in the other. And this ſealing of one leg mult (as 
it is evident) keep the mercury ſuſpended in it, though it be higher by divers inches 
than that in the open leg, till the withdrawing of the external air enable the included, 
by expanding itſelf, to depreſs the mercury in the ſealed leg, and raiſe it in the open. 
| 4. How. 
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4. How the length of theſe mercurial gages is to be varied, according to the bigneſs , 
and ſhape of the lender receivers they are to be employed in; and how they may 
eaſily be made either to ſtand upright at the bottom of the receiver, or be kept hanging 
in the middle, or near the top of it (as occaſion may require); and how the open end 
may be made to ſecure the mercury, in caſes where that is needful, belongs not ſo pro- 
perly to this treatiſe as to the ſecond part of the Continuation ; where, if ever I trouble 
your lordſhip with it, the uſefulneſs of this ſort of gages, and the circumſtances that 
may advantage them, will beſt appear. 15 

5. Turxx being ſome experiments, wherein it is not deſired that the receiver ſhould 
be near exhauſted, but rather that the degrees of the air's rarefaction, which ought not 
to be very great, ſhould be well meaſured z we may in ſuch caſes make uſe of gages 
ſhaped like thoſe hitherto deſcribed, but made as long as the receiver will well admir, 
and furniſhed inſtead of quickſilver either with ſpirit of wine coloured with cochineal, or 
elſe with the tincture of red roſe-leaves, drawn only with common water made ſharp by 
a little either of the oil, or ſpirit of vitriol, or of common ſalt. For the lightneſs of 
theſe liquors in compariſon of quickſilver will allow the expanſions of the air included 
in the gage to be very manifeſt and notable enough, though not half or perhaps a quar- 
ter of the air be pumped out of the receiver. 

6. You may alſo in ſuch caſes as theſe, where the receiver is large enough, and is 
not to be quite exhauſted, make uſe of a mercurial gage, differing trom thoſe above 
deſcribed only in this, that the ſhorter leg need not to be above an inch or half an inch 
long before it expand itſelf into a bubble of about half an inch or an inch in diameter, 
and having at the upper part a very ſhort and ſlender unſealed pipe, at which the air 
may get in and out; by which contrivance you may have this convenience, that you 
need not include ſo much air, as otherwiſe would be requiſite, at the top of the longer 
leg, becauſe the mercury in the ſhorter cannot, by reaſon of the breadth of the bubble, 
whereinto the expanſion of the air drives it, be conſiderably raiſed ; upon which ac- 
count it becomes more eaſy to eſtimate by the eye the degrees of the included ait's 
rarefaction, which may be done almoſt as eaſily as if there were water inſtead of mer- 
cury, provided it be remembered that quickſilver, by reaſon of its ponderouſneſs, does 
far more aſſiſt the dilatation of the air, than ſo much water would do. 


EXPERIMENT XVIII. 
About an eaſy way to make the preſſure of the air ſenſible to the touch of thoſe that doubt 


of it. 


Trovcn ſeveral of our experiments ſufficiently manifeſt to the ſkilful that the preſſure 
of the air is very conſiderable; yet, becauſe ſome of them require peculiar glaſſes and 
other inſtruments, which are not always at hand, and becauſe there are many that think 
it ſurer to eſtimate the force of preſſure by what they immediately feel than by any 
other way, I was invited for the ſake of ſuch to employ an eaſy experiment, which 
uſually proved convincing, becauſe it operated on that ſenſe whereon they chiefly re- 
lied. : 

I cauſed then to be made a hollow (but ſtrong) piece of braſs, not above two or 
three inches high (that it might be in a trice exhauſted) and open at both ends, who'c 
orifices were circular and parallel, but not equal (the inſtrument being made tapering, fo 


that it might be repreſented by an excavated conus truncalus, or a gigg, with the lower 
part 


touching the Spring of the Air. 


part cut tranſverſely off. This piece of braſs being cemented on, as if it were a ſmall 
receiver to the engine, the perſon, that would not believe the preſſure of the air to be 
near ſo conſiderable as was repreſented, was bidden to lay the palm of his hand upon 
the upper orificez and being ordered to lean a little upon it, that ſo the lower part of 
his hand might prove a cloſe cover to the orifice, one exſuction of the air was made by 
the help of the pump; and then upon the withdrawing of the greateſt part of the preſ- 
ſure of the internal air, that before counterbalanced that of the external, the hand being 
left alone to ſupport the weight of the ambient air, would be preſſed inwards fo forcibly, 
that though the ſtronger ſort of men were able (though not without much ado) to take 
off their hands, yet the weaker ſort of triers could not do it, eſpecially if by a ſecond 
ſuck the little receiver were better exhauſted, but were fain to ſtay for the return of 
the air into the receiver to aſſiſt them. 

Tuis experiment being deſigned rather to convince than to puniſh thoſe that were to 
make it, we took care, not only that the braſs ſhould be ſo thick and the orifices ſo 
ſmooth, that no ſharpneſs nor roughneſs of the metal ſhould offend the hand; but alſo 
that the narrower orifice (which was the ofteneſt made uſe of) ſhould be but about an 
inch and a quarter in diameter. But if any were deſirous of a more ſenſible con- 
viction, it was very eaſy to give it him by making the larger orifice the uppermoſt, 
which was the reaſon why the inſtrument was, as we formerly noted, made tapering 
but yet this larger orifice ought not to exceed two inches, or two inches and a half in 
wideneſs, leſt the great weight of the air endanger the breaking or conſiderably hurting 
the hand of the experimenter : which caution I am put in mind of giving, by remem- 
bering that I once much endangered my own hand, through the miſtake of him that 
managed the pump, who, unawares to me, ſet it on. work, when for another purpoſe 
I had laid my hand upon the orifice of an inſtrument: of too great a diameter. 


The famous experiment of Torricellius, mentioned in the 17th of our already publiſhed trials, 
is of that nobleneſs and importance, that though divers learned men have (but upon very 
differing principles) diſcourſed of it in. print, which gives me the leſs mind to inſiſt long 
upon it here, yet I ſhall not ſcruple to ſubjoin ſome notes concerning trials that I made 
(though for want of opportunity. I could not repeat them according to my cuſtom) which J 
bad not met with in otbers, and which may ſerve to confirm the hypotheſis made uſe of in 
this Continuation and the. treatiſe it belongs to. 


EXPERIMENT XIX. 


About the ſubſedence of mercury in the tube of the Torricellian experiment to the level of the 
ſtagnant mercury. 


A BAROscop being included in a receiver made of a long bolt head with the lower 
part of the ball cut circularly off, upon the firſt exſuction of the air the quickſilver that 
before ſtood at 29 inches (the atmoſphere appearing then by a conſtant baroſcope very 
light) would fall fo low as to reſt at 9 or 10 inches (for once I meafured the ſubſidence 
beneath its former elevation) and in about three ſucks more it would be brought quite 
down to the level of the ſtagnant quickſilver, and ſome what below (as it is the property 


of quickſilver, quite contrary to water, to riſe leſs in a ſlender pipe than in a wide). 
The 
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hy The air being let into the receiver, the quickſilver would be impelled up flowlier or 
| faſter, as we pleaſed, to the former height of 29 inches or thereabouts, W930" 
N. B. Tur if the air were ſuffered to go haſtily out of the receiver, the merci 
would, by virtue of the accelerated motion acquired in its deſcent, at the very firſt ſuck 
deſcend till it reached within an inch or two of the ſtagnant mercury, though it would 
preſently after a few riſings and fallings ſettle at the height of 9 or 10 inches, till the 
next brought it down lower. | 
2. Ir when the mercury was reimpelled up to its due height, thoſe that managed 
the pump did, inſtead of rarefying the air, a little compreſs it, the quickſilver would 
by the compreſſed air be eaſily made to riſe an inch or more above the former ſtandard 
| of 29 inches; which circumſtance I mention, not as a new thing, but to confirm 
(what ſome think ſtrange) a paſſage printed in New Experiments, Exper. XVII. where 
I mention, that if the air in the receiver, inſtead of being rarefied in the engine, were 
1 a little compreſſed by it, the preſſure of the included air being ſomewhat increaſed by 
| 
N 
| 


having its ſpring thus bent, would ſuſtain the mercury in the Torricellian tube at a 
greater than the wonted height. | 
3 AnD to confirm another paſſage in the ſame page, where I obſerved, that if the preſ- 
f ſure of the air upon the ſtagnant mercury be not ſo great as it is wont to be, the mer- 
 _= cury will begin to ſubſide in a (filled and inverted tube, which wants of the uſual 
'F heightz we took a glaſs cane (ſealed at one end) much ſhorter than the due length, and 
x having filled it with mercury, and inverted it into a glaſs full of ſtagnant mercury, we 
1 placed all in the former receiver; where the mercurial cylinder, for want of the requiſite 
= height, remained totally ſuſpended, but upon the firſt or ſecond ſuck it would ſubſide, 
| | and in two or three ſucks more it would fall to the level of the ſtagnant mercury, or 
| a little below it. Upon the letting in of the air it would be impelled to the very top 
of the tube, bating an aerial bubble, which ſeemed to come from the mercury itſelf, 
f and was ſo little as not to be at all diſcerinble, ſave to a very attentive eye. 
| Experi- TEIS experiment I ſhould not think fit here to relate, ſince I formerly acquainted 
| 


| II your lordſhip with the ſubſidence of the mercury upon the withdrawing of the air from 


the receiver, were it not that, in the mention of that trial, I remember I confeſſed to 
you that 1 could not ſo free the great receiver I then uſed from air, but that the little 
that remained or leaked in, made me unable to bring the mercury in the tube totally 
to ſubſide or fall much nearer than within an inch of the ſurface of the ſtagnant mercury, 
with which in our preſent trials that in the tube was brought to a level. 


EXPERIMENT XX. 


| Shewing that in tubes open at both ends, when no fuga vacui can be pretended, the weight 
0} | of water will raiſe quickſilver no higher in ſlender than in large pipes. 


If Becavse I find it, even by learned and very late writers, urged as a clear and cogent 

argument againſt thoſe that aſcribe the phænomena of the Torricellian experiment to 
A} the weight of the external air; that it is impoſſible that the air, though it were granted 
to be a heavy body, could ſuſtain the quickſilver at the ſame height in tubes of very 
it differing bigneſs, ſince the ſame air cannot equally counterpoiſe mercurial cylinders of 
11 ſuch uncqual weights; and becauſe this objection is wont very much to puzzle thoſe 
41 that are not well acquainted with the hydroſtaticks, I preſume your lordſhip will allow 
14 me, till I can hey you ſome hy droſtatical papers, by which the objection may appear 
Hs 0 
| | 


touching the Spring of the Air. 


to be but ill grounded upon the true theorems of that art, to annex the tranſcripts of 
a couple of experiments (that | once made to remove this ſuppoſedly inſuperable diffi- 
culty) juſt as I find them regiſtered in my note-books. 


The FIRST Talat, Sept. 2, 1662. 


We took a very large glaſs tube, hermetically ſealed at one end, and about two feet 
and a half in length; into this we poured quickſilver to the height of three or four 
fingers; then we took a couple of cylindrical pipes of very unequal ſizes, the wider 
being as big again as the ſlenderer, and open at both ends. The lower ends of theſe 
two pipes we thruſt into the quickſilver, and faſtened them near their upper ends to the 
tube with ſtrings, that they might not be lifted up nor moved out of their poſture, in 
which the convex ſurface of the mercury in both the pipes ſeemed to lie almoſt in a level, 
the tube alſo itlelf being placed upright in a frame. This done, by the help of a funnel 
we poured in water by degrees at the top of the tube, and obſerved, that as the water 
gravitated more and more upon the ſtagnant mercury, ſo the included mercury roſe 
equally in both the pipes, until the tube being almoſt filled with water, the mercury 
appeared to be impelled up to, and ſuſtained at as great a height in the big tube as in 
the leſſer, being in either raiſed about two inches above the ſurface of the ſtagnant 
quickſilver. | | 

N. B. 1. Havine cauſed about half the water (having no conveniency to withdraw 
any more) in the tube to be ſucked out at the top, we obſerved the quickſilver in both 


the tubes to ſubſide uniformly, and to re aſcend alike upon the re-affuſion of the 
water. 


2. Wr endeavoured to try the experiment (for their ſake, who have not the conve- 


riency to have ſuch tubes purpoſely made) in a wooden veſſel, into which, when it was 
filled with water, we let down a flat glals furniſhed with ſtagnant mercury, whereinto 
the ends of the two pipes were immerſed. But the opacouſneſs of the cylinder (which 
reduced us to ſee only from the top the reflection of the ſtagnant mercury) and other 
impediments, diſabled us to perceive the motions and ſtations of the mercury in the 
pipe, though we once made uſe of a candle the better to diſcern them. 


The SEcoNp Fatal. 


Wr took a very wide tube of glaſs, of about a foot long, and into it poured a con- 
venient quantity of quickſilver; we took alſo two pipes of about equal, length, and 
of that diſparity in bigneſs that we newly mentioned {thoſe pipes lately defcribed being 
indeed cut off from theſe we are now to ſpeak of) and theſe being filled with quickſilver. 
atter the manner of the Torricellian experiment, were by a certain contrivance let down 
into the tube, and unſtopped under the ſurface of the ſtagnant mercury, and then the 
quickſilvtr in the pipes falling down to its wonted ſtation, and reſting there, we poured 
into the tube ahout a foot height (by gueſs) of water, whereupon the quickſilver, as it 
fore Rood, as it were, in a level in both the pipes, fo it was, for aught appeared to 
s, equally impelled up beyon:s its wonted ſtation, and ſuſtained there, both in the 

dender and in the bigger pipe, and upon the withdrawing of ſome of the water it began 
© tubfide alike, as to ſenſe, in them both, falling no lower in the bigger than in the 
Henderer, And water being a ſecond time poured down into the tube, the mercury 
wid in both pipes riſe umformly as before. By which and the former experiment it 
ivinciently appeared that a gravitating liquor, as air or water, may impel or keep up 
You, III. Ee mercury 
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mercury to the ſame height in tubes that are of very differing capacities; and that 
liquors balance each other according to their altitude, and not barely according to their 
weight, For in this laſt experiment, the additional cylinder of one inch of mercury 
was manifeſtly raiſed and kept up by the water incumbent on the ſtagnant mercury, the 
other cauſe, whatever it were, of the mercury's ſaſpenſion, being able to ſuſtain but a 
cylinder ſhorter by an inch. And the ſame parcel of water did counterpoiſe in the 
differing pipes two mercurial cylinders, which though but of the ſame altitude (namely 
about an inch) were of very unequal weight. 


EXPERIMENT XXI. 


Of the heights at which pure mercury, and mercury amalgamed with tin, will ſtand in ba- 


rometers. 


ConsSIDERING with myſelf, that if the ſuſtentation of the quickſilver in the Torricel- 
han experiment at a certain height depends upon the equilibrium, which a liquor of that 
ſpecifick gravity does at ſuch a height attain to with the external air; if that peculiar 
and determinate gravity of the quickſilver be altered, the height of it, requiſme to an 
æquilibrium with the atmoſphere, mult be altered too; conſidering this, I ſay, I thought 
it might ſomewhat confirm the hypothefis hitherto made uſe of, if a phænomenon fo 
agreeable to it were actually exhibited, This I ſuppoſed performable two differing ways, 
namely, by mixing, or as chymiſts ſpeak, amalgamating mercury either with gold, to 
make it a mixture more heavy, or with ſome other metal, that might make it more 
light than mercury alone is. But the former of thoſe two ways I forbore to proſecute, 
being, where I then was, unfurniſhed with a ſufficient quantity of refined gold, for that 
which is coined is generally allayed with ſilver, or copper, or both; and therefore amal- 
gamating mercury with a convenient proportion of pure tin, or, as the tradefmen call it, 
block-tin, that the mixture might not be too thick to be readily poured out into a glaſs- 
tube, and to ſubſide in it, we filled with this amalgam a cylindrical pipe ſealed at one 
end, and of a fit length, and then inverted it into a little glaſs furniſhed with the like 
mixture. Of which trial the event was, that the amalgam did not fall down to 29, 
nor even to 30 inches, but ſtopped at 31 above the ſurface of the ſtagnant mix- 
ture, 

N. B. 1. THyaT though one may expect that the event of the experiment would be 
the more conſiderable, the greater the quantity is that is mingled of the light metal, yet 


care muſt be taken that the amalgam be not made too thick, leſt part of it ſtick here 


and there (as we did to our trouble find it apt to do) to the inſide of the pipe, by which 
means ſome atrial corpuſcles will meet with ſuch convenient receptacles, as to make it 
very difficult, if not almoſt impoſſible, to free the tube quite from air. 

2. Ir may perhaps be worth while to try, whether by comparing the height of the 
amalgam to what it ought to be upon the ſcore of the ſpecifick gravities of the mercury, 
and the tin, mingled in a known proportion in the amalgam, any diſcovery may be 
made, whether thoſe two metals do penetrate one another after ſuch a manner (for there 
is no ſtrict penetration of dimenſions among bodies) as copper and tin have, as I elſe- 
where note, been by ſome chemiſts obſerved to do, when being melted down together, 
they make up a more cloſe and ſpecifically ponderous body than their reſpective 


weights ſeemed to require, 
3. THar 


touching the Spring of the Air. 


3. Twar by comparing this 2 1ſt experiment with the 18th of thoſe formerly pub- FT 
liſhed it may appear, that the height of the liquor, ſuſpended in the Torricellian experi- 141 
ment, depends ſo much upon its æquilibrium with the outward air, that it may be i 
varied by a change of gravity in either of the two bodies that counterbalance each Ft 
other, whether the change be of weight in the atmoſphere, or of ſpecihck gravity in 1 
the ſuſpended liquor. 


ä 


ADVERTISEMEN T. T7508 


I snouLD here acquaint your lordſhip with what I have ſince tried, in reference to | ] 
the 18th of the printed experiments, where I mention that I obſerved by long 141 it 
keeping the fame inſtrument, with which I once made the Torricelſian experiment, 
in the ſame place, that the height of the ſuſpended mercury would vary according as the 
weight of the atmoſphere happened to change. But though about the barometer (as 
others have by their imitation allowed me to call the inſtrument hitherto mentioned, | 
put into a frame) I made in the year 1660 ſeveral obſervations that would not perhaps 
be impertinent in this place, yet having long ſince left them with a friend who lives far 
off, and not having them now in my power, I muſt beg your lordſhip*'s permiſſion to 
reſerve them for a part of the appendix, which I doubt I ſhall be engaged to add to 
this epiſtle ; and in the mean time I ſhall not forbear to preſent your lordſhip thote 
other papers that I have by me, relating to the barometer ; ſome of which will, J pre- 
fume, ſufficiently confirm my lately mentioned conjecture about the cauſe of the 
variation oblerved in the keight of the ſuſpended mercury. | 
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EX PERTM ENT XXII. 


—— 1 — 


IV herein is propoſed a way of making barometers that may be tranſported even to diſtant 
countries. 
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TrinkxinG it a deſireable thing (as I have elſewhere intimated) to be able to 
compare together, by the help of barometers, the weight of the atmoſphere at the 
ſame time, not only in differing parts of the ſame country, as of England, but in differ- 
Ing regions of the world; I could not but foreſee that it would be very difficult to ac- 
compliſh my defire without altering the form of the barometers I had hitherto made | 
uſe of, For as theſe be unfit to be tranſported far, becauſe that ſtagnant mercury would T9 1 | 
be ſo apt to ſpill ; ſo the procuring them to be made in the places where they are to be 1 
uted, though it be no bad expedient, and ſuch as I have divers times made uſe of, = 
is liable to this inconvenience, that, beſides that few will take the pains, and have the | 
Ikill requiſite to make baroſcopes well, though they be ſufficiently furniſhed' with Ro 
glaſſes and mercury for that purpoſe z beſides this, I ſay, except men be more than 149 
ordinary diligent and ſkilful (and perhaps though they be) it will be very difficult to be 1528 
ture, that the baroſcope newly made in a remote country is as good (and but as good) | 
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as that which a man makes uſe of in this; in regard that at the making of the former, 


. . - : f 
they are ſuppoſed to have no other baroſcope to compare it with; and to be ſure they 1} 
have not the ſame with which it is to be compared here. 


f BEING by theſe conſiderations invited to attempt the making of portable or travel- | YOUG 
ing baroſcopes (if I may ſo call them) I thought it requiſite to endeavour theſe three 1 
Ee 2 things 
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things : the firſt, to make the veſſel that ſhould contain both the ſuſtained and the ſtag. 
nant mercury, all of one piece of glaſs, of a like bigneſs ; the next, to place this veſſel 
when filled, in ſuch a frame as may be eaſy to be tranſported, and yet in a reaſonable 
meaſure defend the glaſs from external violence, no part of it ſtanding quite out of the 
frame, as in all other baroſcopes; and the third, ſo to order the veſſel, that it may 
not be ſubject to be eaſily broken by the violent motion of the mercury contained 
in it. 

Tux Erſt of theſe will not ſeem practicable to thoſe that imagine (without any war- 
rant from the hydroſtaticks) that it is as well neceſſary as uſual, that the ſtagnant mer- 
cury ſhould have a veſſel much wider than the tube, wherein the mercurial cylinder is 
ſuſtained ; but to us the difficulty ſeemed much leſs to make the glaſs part of our tube 


of cne piece, and of a convenient ſhape, than aſterwards to fill it. 


Bur to do both, we took a glaſs cylinder ſealed at one end, and of a convenient 
length (as about four or five feet) and cauſed it by the flame of a lamp to be ſo bent, 
that to thoſe that did not take notice it was ſealed at one end, it ſeemed to be a ſiphon 
of very unequal legs, the one being three or four times longer than the other; by virtue 
of which figure the ſhorter leg may ſerve inſtead of the diſtinct veſſel uſually employed 
to contain the ſtagnant mercury. To fill this, which is not eaſy, one may proceed aſter 
this manner: take a {mall funnel of glaſs with a long and flender ſhank, fo that it 
may reach three or four inches, or further, into the ſhorter leg of our barometrical 
ſiphon (if I may ſo call it) and by this funnel pour into this ſhorter leg as much 
mercury as may reach about two or three inches in both legs; then ſtopping the orifice 
with your finger, and ſlowly inclining the tube, the mercury in the longer leg will 
gently fall to the ſealed end; and the air that was there before, will paſs by it, and ſo 
make it room. The mercury in the ſhorter leg (which leg ought to be held upper- 
moſt) will by the fame inclination of the tube fall towards the orifice ; but being by 
the finger that ſtops that, kept from falling out, if you do ſlowly re-erect the glaſs, and 
then make it ſtoop again as much as before, the mercury will paſs out of the ſhorter 
leg into the longer, and join with that which was there before; and if all the mercury 
do not ſo paſs, the orifice is to be ſtopped again with your finger, and the tube inclined 
as formerly. This done, the tube is to be crefted, and by the help of the funnel more 
mercury, is to be poured in, and the foregoing proceſs of ſtopping the orifice, inclin- 
ing the tube, &c. is to be repeated, till all the mercury poured into the ſhorter leg be 
brought to join with that in the longer; and then the open leg is to be furniſhed with 
freſh mercury, obſerving this, that the nearer the longer leg comes to the being filled, 
the leſs you mult raiſe it from time to time, when you pour mercury into the ſhorter ; 
as alſo that when you ſee the longer leg quite ſull of mercury (though there be but 
little in the ſhorter) you need not pour in any more, if the longer do much exceed a 
yard; becauſe upon the reſtoring of the tube to an erected poſture, there will ſubſide 
from the taller leg into the other a pretty quantity of mercury, by reaſon of the ſpace at 
the ſealed end, which will be deſerted by the mercury that was there. But becauſe it 
is difficult by this way, as well as by that practiſed already, to fill a tube with mer- 
cury without leaving any viſible bubbles; to free it from ſuch (if any happen to be) 
you muſt once more ſtop the orifice with your finger, and incline and re-erect the tube 
divers times, till you have thereby brought moſt of the ſmaller bubbles into one greater- 
(which you may if you pleaſe increaſe, by letting in a.little air); for by making this. 
great bubble pals leiſurely two or three times from one end of the tube to the other, it 


will in its paſſage as it were lick up all the ſmall bubbles, and unite them to itſelf 3, which 
may 
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may afterwards by one inclination more of the tube be made to paſs into the ſhorter leg, 
and thence into the free air. | | | 

Bor there is another ſort of funnels, which if one have the ſkill and conveniency to 
make (as I. M. eaſily doth) one may very expeditiouſly fill the bended tubes of our 
portable barometers. For if you make the (lender part of the funnel not ſtraight, but 
bended in the form of an obtuſe angle, and of ſuch a length, that the part which is to 
go into the ſhorter leg of our ſiphon, may reach to the flexure (of the ſiphon) then 
you may, by ſo holving the tube that the ſealed end be ſomewhat lower. than the 
other, and by pouring in mercury at the obtuſe end of the angular tunnel, ealtly make 
it run over the flexure into the longer leg of the ſiphon ; provided you do now and 
then, as occaſion requires, erect a little and ſhake the tube, ro help the mereury to get 
by the air, and exp] it. 

By ſuch ways as theſe we have found by experience that it is poſſible (though not 
ealy) to do in ſuch a. bended glaſs as our purpoſe requires, what, beſides a very late 
learned writer, the diligent Merſennus himſelf admoniſhes his reader, that it is not a 
practicable thing to do in the ordinary glaſſes of the Torricellian experiment, viz. to 
tree the mercury of a ſtraight tube from air and bubbles, ſo as to be able by inclining 
the glaſs to make the liquor aſcend to the very top. 

Ins firſt of our three above-mentioned ſcopes being thus attained, it was not difficult 
to compaſs the ſecond by the help of a ſolid piece of wood, which is to be ſomewhat 
longer than. the tube, and a good deal broader in the lower part than in the upper, 
that it may receive the ſhorter leg of the ſiphon. In ſuch a piece of wood, which was 
about an inch thick, we cauſed to be made a gutter or channel. of ſuch a depth and 
ſhape, that our ſiphon might be placed in it ſo deep, that a flat piece of wood (like 
a plained lath) might be laid upon it, without at all preſſing upon, or ſo much as 
touching the glaſs; ſo that this piece of wood may ſerve for a cover to defend the 
claſs, to be put on when the inſtrument is to be tranſported, and taken off again, 
when it is to be hung up to make obſervations with; the channel piece of wood ſerv- 
ing both ſor a part of a caſe, and for an entire frame; which may for ſome uſes be a 
little more commodious if the cover be joined-(as it may eaſily be) to the reſt. of the 
frame, by. two or three little hinges and a. haſp, by whoſe help the caſe may be readily 
opened and ſhut at pleaſure. | 

Tae third thing we propoſed to ourſelves is nothing near ſo eaſy as the ſecond; nor. 
have we yet had opportunity to try, whether the way we made uſe of will hold, if the 
barometer be tranſported into very remote parts, though by ſmaller removes we found 
cauſe to hope that it will ſucceed in greater. 


TRE grand difficulty to be obviated was this; that though it were eaſy to hinder: 


the ſpilling of the mercury, by ſtopping the orifice of the ſhorter leg of our ſiphon, . 


yet that would not ſerve the turn; for the upper part of the tube being deſtitute of air, 
if the mercury be by the motion of the inſtrument put to vibrate, ic will be apt (for 
want of meeting with any air in the upper part of the tube to check its motions) to 


bit ſo violently. againſt the top of the glaſs as to beat it out, or to crack ſome of the 


nci2hbouring parts, | 

To obviate this great inconvenience, our way is to incline the tube till the mercury. 
be impelled to the very top of it, and yet there will remain a competent quantity in the, 
thorter leg of the glaſs, if that be not at firſt made too ſhore. This done, the remain- 
ing part of the ſhorter leg is to be quite filled up either with water or mercury, and the 
orifice of it is to be very carefully and firmly ſtopped, for which purpoſe we uſe our- 
ſtrong black cement; for by this means the mercury in the longer leg baving no: 
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room to play, cannot ſtrike with violence as before againſt the top of the glaſs. But 
though by many times ſucceſſively ſhaking the baroſcope we did not perceive that it was 
very like to be prejudiced by the ſhakes it might neceſſarily endure in tranſportation to 
remote places, if due care be had of it by the way, yet till further trial have been made 
See the I ſhall not pretend to be certain of the event. But thus much of conveniency we have 
whole ba- already found in this contrivance, that we ſent it ſome miles off, to the top of a hill, 
_ and had it brought home ſafe again, the phænomena at the top and bottom of the hill 
Fig. 2. _ anſwerable to what we might have expected if we had employed another baro- 
cope. 

. the inſtrument is to be ſent away, the height of the mercurial cylinder (to be 
meaſured from the ſurface of the ſtagnant mercury in the ſhorter leg) being taken for 
that place, day, and hour, and compared (if it may be) with that of another good 

| baroſcope, which is to continue in that place; as much of the gutter as is unfilled by 
the glaſs may be well ſtuffed with cotton, or ſome ſuch thing, to keep the glaſs the 
more firm in its poſture ; and that the tube be not ſhaken or preſſed againit the wood, 
ſome of the ſame matter may be put between the reſt of the frame and the cover, which 
ought to be well bound together. And when the inſtrument is arrived at the remote 
place where it is to be employed (for if it be to be ſent but a little way, it may be car- 
ried ſafely without uſing any adventitious liquor) the water that is added may be taken off 
again, by ſoaking it up with pieces of ſpunge, linen, &c. but if inſtead of water you 
put in mercury, as it ought to have been put in by weight, ſo it is to be taken out, till 
you have juſt the weight that was put in; and it is not difficult to take out the mer- 
cury by degrees, by the help of a ſmall glaſs pipe, ſince you may either ſuck up little 
by little as much as remains of the additional mercury, when by erecting the barometer, 
and warily unſtopping the orifice of the lower leg, as much mercury as will of itſelf 
flow out is efluxed ; or elſe you may take out the ſuperfluous mercury, by thruſting 
the lower end of the pipe into that liquor, and when it has taken in enough, ſtopping 
the upper end cloſe with your finger, to keep it from falling back again when you re- 
move the pipe. ] 

N. B. Ir it ſhould happen in a long voyage, that by the numerous ſhakings of the 
inſtrument there ſhould, from the additional water or mercury in the ſhorter leg, get 
up into the longer any little aerial bubble, which ſeems the only, but I hope not likely, 
danger in this contrivance, he that is to uſe the inſtrument at the end of the voyage may, 
if he be ſkilful, free the mercury from it by the ſame way that we lately preſcribed to 
free it from air, when the inſtrument was firſt filled. 

I PRESUME I need not tell your lordſhip that the chief uſe of this travelling baroſcope 
is, that he that uſes it in a rermte part, keeping a diary of the heights of the mercury, 
by comparing the heights with thoſe at which the mercury ſtood at rhe ſame times in the 
barometer that was not removed, the agreement or difference of the weight of the at- 
moiphere in diſtant places may be obſerved. To which this may be added, the con- 
veniency which the ſtructure of theſe inſtruments gives them to be ſecurely let down 
into wells or mines, and to be drawn up to the top of towers, and ſteeples, and other 
elevated places; not here to conſider whether by a convenient addition, theſe, as weil 
as ſome other barometers, may not be made to diſcover even very minute alterations 
of the atmoſphere*s preſſure. | 

WHETHER this travelling baroſcope, being furniſked at its upper end with a very goo. 
hall and ſocket, and at the lower end with a great weight (which way of keeping things 
ſicady in a ſhip has been happily uſed by the Royal Society on another occaſion) whe- 
ther, I ſay, our inſtrument may by this contrivance, or ſome other that might be os 

3 ocſtec 
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| ry 
geſted to the ſame purpoſe, be made any thing ſerviceable at ſea, notwithſtanding the 
differing motions of the ſhip, I have had no opportunity to try ; but whether ir may 
or may not be uſeful in ſpite of the rolling of the ſhip, it may at leaſt be made uſe of in 
flat calms (which divers times happen in long voyages, eſpecially to the Eaſt Indies, and 
to Africk) and then the inſtrument which at other times may lie by without being at all 
cumberſome, may be made uſe of, as long as the calm laſts, to acquaint the obſerver 
with the weight of the atmoſphere in the climate where he is, and that upon the fea ; 
which may give ſome welcome information to the curioſity of ſpeculative naturalilts, 
and perhaps prove either more directly, or in its conſequences of ſome uſe to navigators 
themſelves, as by enabling them by its ſudden changes to foretel the end of the calm. 
Beſides that having one of theſe inſtruments ready at hand, wherever they ſer foot on 
ſhore, though it be but upon a ſmall iſland, or a rock, they can preſently and eaſily take 
notice of the gravity of the atmoſphere in that place; which whether or no, if com- 
pared with other obſervations, it may in time prove not altogether uſeleſs to the gueſſing 
whereabouts they are, and the foreſeeing ſome approaching changes of weather, I leave 
to future experience, if it ſhall be thought worth the making to determine. | 
Bzsipes the ordinary baroſcope, and this travelling one, I have employed two or 
three other inſtruments of quite differing kinds, to diſcover the varying gravities of the 
atmoſphere ; but though they have hitherto ſucceeded well for the main, yet being 
willing to make further obſervations about them, I reſerve one of them for another op- 
portunity, and think fit to leave the other in a tract it belongs to. 


A Pos TSCRI1iPT ADVERTISEMENT. 


Since the writing of the foregoing and the following experiments about the travelling 
baroſcope, having had occaſion to make one at a place about fifty miles diſtant from that 


where I was when I writ them, I took notice that the mercury in the travelling baroſcope 


was not by + of an inch ſo high as that in another baroſcope made the ordinary way; 
and yet it was not eaſy to perceive that the former had been leſs carefully filled than the 
latter. So that I yet know not well to what cauſe to impute the difference, unleſs it 
ſhould perhaps depend upon this circumſtance ; that the pipe whereof the travelling 
baroſcope was made, was very ſlender, and much more ſo than the tube of the other; and 
I have already elſewhere obſerved that mercury, contrary to what happens in water, is leſs 
apt to rile in very ſlender pipes. And though I remember that at the place where I writ 
the experiment to which this poſtſcript belongs, in the tube I then employed to make 
the travelling baroſcope, the mercury aſcended as high as in a noted one made the com- 
mon way; yet not being in the other place furniſhed with a tube long and big enough, 
I think myſelf obliged, till I can clear the doubt by further trial, to give your lordſhip 
this advertiſement, leſt either the cauſe already ſuſpeted, cr ſome other unheed:d 
thing, may in ſome caſes make theſe travelling baroſcopes ſomewhat differing 
from others. But though they ſhould prove to be ſo, yet it would not follow 
that they cannot be made ſerviceable; for keeping a pretty while that inftrument 
which ſuggeſted the ſcruple to me, juſt by the other with which I had compared it, 
and carefully taking notice of the reſpective heights at which the mercury reſted 
in both, I obſerved, that when it roſe or fell in the other barometer, it did alſo 
riſe and fall in the portable one; and when it reſted at its firſt ſtation in the former, it 
dic] ſo in the latter; and though there ſeemed to be an inequality it, the quantity of the 
aicent, and ſubſidence of the mercury in the two inſtruments, yet that ſeemed to be ac- 
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countable for by ſome circumſtances, eſpecially the very unequal breadth of the veſſel 
that contained the ſtagnant mercury in the other barometer, and that ſhorter leg which 
anſwered to that veſſel in the travelling barometer. But till the formerly propoſed 
ſcruple be by further obſervations removed, the ſafeſt way will be to make the barome- 
ter to be ſent to remote places as like as may be (in bigneſs and length of the tube) to 
another portable one kept at home, that ſo when they are once adjuſted, the collations 
may be made betwixt two inſtruments of the ſame kind, whereof that which is kept at 
home may alſo, if it be thought fit, be compared, when the obſervations are made, 
with a baroſcope made the ordinary way. 


EXPERIMENT XXIII. 


Confirming that mercury in a barometer will be kept ſuſpended lower at the top than at 
the bottom of a bill. On which occaſion ſomething is noted about the height of moun- 
tains, eſpecially the pic of Teneriff. ES 


To give your lordſhip ſome inſtance (till I can preſent you with a noble one) of the 
uſe of our travelling barometer, I ſhall now add, that when I writ the foregoing experi- 
ment, chancing to be within two or three miles of a hill, which, though not high, was 
the leaſt low in that country, Ithought our inſtrument might be ſafely, and not altogether 
uſeleſly, carried on horſcback to the top of it, which was too remote from the bottom to be 
conveniently reached by me on foot in the midſt of winter. This trial therefore I reſolved 
to make, becauſe though I formerly told you of a conſiderable one that had been made 
in France by ſome eminent virtuoſo of that country, yet I was willing not only to have 
a proof, how ſafely our baroſcope might be tranſported, but to confirm to your lord- 
hip upon our own obſervation made in another region, ſo conſiderable an argument as 
theſe kind of experiments afford to our hypotheſis. 

AND though when 1 came to try the experiment I happened to have an indiſpoſition 
that forbid me to do it all myſelf, yet, having carefully marked on the edge of the 
frame the height to which the ſuſpended quickſilver reached, and compared it with a 
good baroſcope made the ordinary way, I committed our inſtrument to a couple of ſer- 
vants that I had often employed about pneumatical and mercurial experiments, giving 
them particular inſtructions whit to do. And the inſtrument being ſuch às might be 
fately carried on horſcback, I had in two or three hours an account brought me back, 
the ſum of which was, that they found the ſuſpended mercury fall a little as they 
-{c:need the hill, at whoſe top they gave the liquor leave to ſettle, and carefully took 
notice, by a mark, of the place it reſted at; which was, as J afterwards found, + of an 
inch, or ſomewhat better, beneath the mark I had made; and this notw:thſtanding the 
hill was not high, and the air and wind ſeemed to them to be much colder at the top of 
it than beneath. But though as they deſcended more and more, they oblerved the mer- 
cury to riſe again higher and higher (as being preſſed againſt by a taller column of the 
atmoſphere) and though conſequently the experiment agreed very well with our hypo- 
theſis, and may ſerve for a cenfirmation of it ; yet by reaſon of the ſmall height of 
the mountain, the decrement of the height of the mercurial cylinder was not ſo cun- 
ſiderable, but that J ſhould perhaps have omitted the mention of this trial, if it did not 
Jhew that our travelling baroſcopes may be fit to be employed about ſuch experiments; 
and therefore, when I can recover ſome of my ſcattered papers, I ſhall by way of ow 

pend.s 
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pendix, ſubjoin to this ſome other obſervations that I procured to be made by ingenious 
men who had the opportunity of living near higher mountains, 

Sou further trials I have recommended to be hereaſter made by ſome other inquiſt- 
tive perſons ; and to make them the more inſtructive, I could wiſh that others would do 
what I ſhould have done, if opportunity had befriended me; for I deſigned to make the 
experiment at the bottom, the top, and the intermediate part of the whole, at three 
differing conſtitutions of air, when it ſhould appear by a good ordinary baroſcope, that 
the atmoſphere was very heavy, when it ſhould be found to be very light, and when 
it ſhould have a moderate degree of gravity : and I hoped that if ſagacious experiments 
ſhould make theſe diverſified obſervations on diſtant and unequal hills, good hints may 
reſult from the collations that may be made of the varying decrements of the mercurial 
cylinder's height, according to the differing gravities of the atmoſphere at ſeveral times, 
and the differing heights of the hills and ſtations where the obſervations ſhould be 
made. 

I ALso endeavoured to get a baroſcope carried down to the bottoms of deep mines 
partly to try whether the atmoſpherical pillar being longer there than at the top, the mer- 
cury in the tube would not be impelled up higher; and partly in order to other diſco- 
veries, But ſome impediments in the ſtructure of thoſe mines made it not very prac- 
ticable to employ barometers there; which yet makes me not deſpair of ſucceſs in 
ſome other mines, where the ſhafts or pits are ſunk more perpendicularly. ; 

PeRHaPs I told your lordſhip already by word of mouth, that I have been ſolicitouſly 
endeavouring to get the Torricellian experiment tried upon the pic of Teneriff; but 
hitherto I have had no account of the ſucceſs of my endeavours ; for which I am the 
more concerned, becauſe of the eminent (if not matchleſs) height of that mountain, of 
which you may receive ſome ſatisfaction by what I am going to ſubjoin about it. 


An Appendix about the height of Mountains. 


FoRASMUCH as on the one hand not only Kepler, but divers other modern writers of 
note, do endeavour to ſtraiten the atmoſphere, and make it lower by half than the leaft 
height to which, according to our eſtimation, it ſhould reach; and to countenance 
their opinion, will not allow the clouds to be often above a mile high, nor even the 
higheſt mountains to exceed two miles. And foraſmuch as on the other ſide other 
learned men ſeem to make the clouds and the mountains of a ſtupendous height ; we, 
who take a middle way of eſtimating the height of the one and the other, hold it not 
unfit to ſubjoin on this occaſion ſome uncommon obſervations in favour of our opinion, 
that we have obtained from inquiſitive travellers. 

Bur firſt I will ſubjoin a paſſage I have ſomewhere met with in Ricciolus's Almigeſtum 
novum, where he, if I well remember, relates that the rector Metenfis, as he calls him, 
of the Jeſuits college, affirmed to him ſome years ſince that he had meaſured the height 
of many clouds, without having found any of them higher than 5000 paces ; which 
argues, that he met with ſome ſo high, though indeed the height of clouds muſt needs 
be very various, according to the gravity or lightneſs, denſity or thinneſs, reſt or agi- 
tation of the air, and the condition of the vapours and exhalations they conſiſt of. 
And if either that be true which we have formerly had occaſion to mention concern- 
ing Maignan's obſervation; or if it be true that ſublunary comers (for 1 ſpeak not of 


celeſtial ones) are generated of exhalations of che terreſtrial globe, we may well conjec- 
Vol. III. | FT ture 
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ture that the atmoſphere (eſpecially if its height be not uniform) and even clouds, eſpe- 
cially thoſe that have moſt fumes and feweſt vapours, may reach much higher than Car- 
dan, Kepler, and others have defined. 

Bur of the height of clouds, which we have ſometimes attempted to take geometri- 
cally, we may have elſewhere occaſion to ſpeak again; and therefore I ſhall now pro- 
ceed to what I have to ſay concerning the height of mountains; which being an enquiry 
curious and difficult enough in itſelf, and of ſome importance in the diſquiſition about 
the height of the atmoſphere, it being evident that that muſt reach at leaſt as high as 
the tops of mountains, upon whole tops men can live ; I hope it will not be unaccept- 
able to your lordſhip, if having a while ſince, as I was intimating, had the opportu- 
nity to diſcourſe with ſome credible perſons that have been upon the top of exceeding 


bigh mountains, particularly of the pic of Teneriff, and eſpecially with one gentleman, 


who was a few days before brought to ſatisfy the curioſity of our inquiſitive and diſcern- 
ing monarch, by giving him an account of his journey, I acquaint you with thoſe of 
the particulars which I learned from thence, that are the moſt pertinent to our preſent 
purpoſe. Firſt then, whereas divers late mathematicians will not allow above two miles 
or half a German league, and ſome of them not half ſo much, to the height of the 
higheſt mountain; the mountain we ſpeak of, in the iſland of Teneriff, one of the Ca- 
naries or Fortunate Iſlands, is fo high, that though perhaps I think thoſe travellers I 
have taken notice of ſpeak with the moſt when they write, that the top of this moun- 
tain is to be ſeen at ſea, four degrees off, i. e. at leaſt thieeſcore German leagues ; yet hav- 


ing aſked the ingenious gentleman lately mentioned, Mr. Sydenham, from what diſtance 


the top of the ſugar-loaf, or higheſt part of the hill, ſo called from its figure, could be 
ſeen at ſea, according to the common opinion of ſeamen, he anſwered, that that diſtance 
was wont to be reckoned 60 ſea-leagues, of three miles to a league; adding, that he 
| himſelf had ſeen it about 40 leagues off, and yet it appeared exceeding high, and like 
a bluiſh pyramid, manifeſtly a great deal higher than the clouds, And what he related 
to me about the diſtance, was afterwards confirmed by the anſwers I received from ob- 
ſerving men of differing nations, who had failed that way ; and particularly by a noble 
virtuoſo, ſkilled in the mathematicks, who was then admiral of a brave Engliſh fleet. 
And the abovementioned gentleman Mr. S. alſo told me, that ſometimes men could 
from thence ſee the iſland of Madeira, though diſtant from it 70 leagues ; and that the 
great Canary, though 18 leagues off, ſeemed to be very near them that were on the top 
of the ſugar-loaf, as if they might leap down upon it. Thus far Mr. Sydenham, by 
whoſe relation it appears, that this pic muſt be far higher than Kepler and others allow 
mountains to be; for elſe it could not be ſeen at ſea from fo great a diſtance. And the 
learned Ricciolus ſuppoſing it to be (as ſome navigators report it to be) diſcoverable at 
ſea four degrees off, calculates its height meaſured by a perpendicular line, and allow- 
ing too for refraction, to amount to ten miles, which altitude alſo the accurate Snellius 
aſſigns it. But I fear this learned man may have been ſomewhat miſinformed by the 
navigators he relies on, or elſe that the way of allowing for refractions is not yet reduced 
to a ſufficient certainty ; for I do not find by thoſe who have purpoſely gone to the 
top of it, that the mountain is ſo high as his calculation makes it. And whereas the 
ſame eminent writer reſolutely pronounces that the height of mount Caucaſus, deduc- 
tion being made for refraction, is 51 Bolognian miles, which are conſiderably greater 
than the Roman miles z I doubt not here likewiſe, though I queſtion not his ſupputa- 
tions, if you grant him the grounds of them, he makes this mountain far higher than 
indeed it is. For the paſſage of Ariſtotle, on which he founds his opinion, is obſcure 
enough; and Ariſtotle himſelf does ſometimes take up reports upon hear-lay, without 

over- 
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over ſtrictly examining their truth or probability; whereas all the navigators and travel - 
lers I have hitherto met with (and your lord ſhip knows that I have, upon a publick 
account, the opportunity of meeting often with ſuch men) do almoſt unanimouſly 
agree that the pic of Teneriff is the higheſt mountain hitherto known in the world; and 
yet that is ſo far from being 15 leagues high, as ſome eminent and even late writers 
would perſuade us. that it is ſcarce a ſeventh part ſo high as Ricciolus computes mount 
Caucaſus to be. For having aſked Mr. Sydenham and others what was the eſtimate 
made by the moſt knowing perſons of the iſland of the height of the hill, he told me 
that his guides accounted it to be one-and-twenty miles high from the town called 
L' oretava, ſeated on the lower part of the hill, from which town to the ſea there is three 
miles of way always deſcending. But in regard that the way which amounted to 21 
miles in length is, as other ways whereby ſteep places are wont to be aſcended, made to 
wind and turn for the conveniency of travellers ; I can ſcarce deduct lefs than two thirds 
for the crookedneſs of the way; and accordingly having aſked him, whether the perpen- 
dicular height of it had been accurately taken by any with mathematical inſtruments, he 
anſwered, that he could ſay nothing to that upon his own knowledge, but that a ſca- 
man with great confidence affirmed himſelf to have accurately enough mealured it 
by obſervations made in a ſhip, and to have found the perpendicular height of the 
hill to be about ſeven miles, Which eſtimate agrees well enough with the calculations 
of Ricciolus and Snellius, if we lefſen the diſtance from which the top of the hill is to 
be diſcovered, from 60 German leagues of four miles to a league, to the like number of 
common leagues at three miles to a league. 

Anp becauſe eminent writers have ſo confidently delivered prodigious things touch- 
ing the height of this mountain, I will here, to confirm the eſtimate already made, add 
theſe particulars, which I took from the gentleman's own mouth, and which were af- 
terwards confirmed to me by another that went with him, and partly alſo by a third, 
who went up to the top at another time of the year, viz. that they begun their jour- 1 
ney from L'oretava on the 18th of Auguſt, about 10 of the clock at night, and tra- =. 
velled till five in the afternoon on the Monday following, reſting two hours by the | 
way, and travelling about 10 miles of the way upon mules, which afterwards they were 4 
forced to leave, and betake themſelves to their feet. Reſting upon Monday till mid- 
night, they reſumed their journeying, and travelled until about nine the next morning, = 
at which time they arrived at the top of the Sugar-loaf, or higheſt pile of the moun- 1 
tain; ſo that they travelled in all but 26 hours, in which, conſidering the ſteepneſs and 
ruggedneſs of the ways, and that they were forced to go above half way on foot, to 
which they were unaccuſtomed, it is likely enough that the length of the way did not ot 
much, if at all, exceed the computation of the guides. | ith 
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have the height of this mountain carefully taken by ſkilful men; in the interim 1 ſhall 

not deny, but that if what Ariſtotle and other authors report of mount Caucaſus be true, 

there may be far higher mountains than the pic of Teneriff; eſpecially ſince there is 1 

one conſideration, which perhaps you will not think deſpicable, that I find not taken 1 
notice of by thoſe that have written of the height of mountains, viz. that of two The like b 
mountains, that meaſured by geometrical inſtruments may appear to be of the e 1 
height, there may yet be a great inequality; becauſe the meaſurer meaſures only from on a 1 
ſome plain piece of ground at the bottom of the hill to the top, whereas it may be, that ns 
the country wherein one of thoſe mountains ſtands, may be exceedingly much higher had, be- 

than that wherein the other is plac<d ; which difference of heights in the ſeveral countries {212 me, 


Be {a4 by th 
he that is to meaſure only the height of one of the mountains, is not wont to take any rns 
Ft 2 notice Ricci is. 


S 


83 * 
2 - — 
4 A OS a — 8 6832380 
7 rr 2 > 
4 "IO « 4 — 
S — 


„ 1 ne ies ri 14 
— * * 4 Fer * 
r 


z. .. 2 mg . ma” 


= — 
FIG, ern op 
* 
ET. — —_— 


» F 
: 5 
— > x: „ 
> + 
— > 
> _ — — — 
qo — a = 8 — - 
\ G 63 OD, — — ͤ » KR ⏑⏑ — — 


[| 
WV 
_ 


"OS EI — — — ͤ 
1 — — — id * 


— 2 
—B .. A ra req . 4 = 
g 
n - _ . * 


— _ _ hs T - = 4 
* — —— — — * 
2 — —— — — 2 * * — . +4 
a % 1 * - . A ” N _ 2 * 2 A * 
4 < i 
7 P wt 44 — — * V 
. 3 * ESSE OST 9 
„ 


— . 
* —— 
— 


— 


— 4, 8 2 . — 3 k N — 5 I» 
2 ˙c½. XXX . 


_ — -— 


—_— — — —— 
* — 


— - — * 
+ 44 4 = of 1 22 = 
— ———— - we. o war - eao_—__wwwtoodty eos Aw 
— — . > 


— 2 * ä 
4 S 
pn * 2 — 


2. 
-_—- 

— ap. 

— — 


— 
* 


228 


New Experiments Pbyſico- mechanical, 


notice of; and conſequently, though in reſpect of the plains adjacent to the feet of 
the mountains, their altitudes may be equal yet in reſpect of the level or ſuperficies 
of the terraqueous globe, conſidered as having no mountains at all but thoſe two, the 
height of the one may far exceed that of the other; and ſo the pic of Teneriff bein 
looked upon from the level of the ſea, may be much leſs high than ſome other hills, but 
may appear much higher than ſome other hills, which yet protuberating above the level 
part of ſome country, which is itſelf generally exceeding high, may have its top more 
remote from the centre of the earth than that of the pic, and would appear higher than 
it, if as well the one as the other were looked upon from the ſame ſuperficies of the 
fea. 

Bur to return to the height of the atmoſphere ; in order to the making an eſtimate of 
what we have conſidered as to the height of mountains, I ſhall add, that though by what 


has been already ſaid touching the height of the pic and other hills, it appears that the 


atmoſphere reaches far higher than many learned men would hitherto allow ; yet we are 
not to think that the atmoſphere may not reach almoſt incomparably higher than the tops 
of mountains: nor do I ſuffer myſelf to be concluded by what many commentators of 
Ariſtotle and other writers are wont to teach, touching the diſtinct narrow extent they 
allow to that ſphere, within whoſe limits they would have the ſteams of the terreſtrial 
globe to produce meteors, How far the height of mountains may make the air at the 
tops of them inconvenient for reſpiration, ſhall be (God permitting) conſidered, when 1 
come to acquaint your lordſhip with my looſe trials about reſpiration. 


EXPERIMENT XXIV. 


Shewing that the preſſure of the atmoſphere may be exerciſed enough to keep up the mer- 
cury in the Torricellian experiment, though the air preſs upon it at a very ſmall orifice. 


By a very light variation of the foregoing 22d experiment we may both confirm one 
of the moſt important, and the leaſt likely truths of the hydroſtaticks, and remove an 
objection, which, for want of the knowledge of this truth, is wont to be urged againſt 
our hypotheſis even by learned men. For divers of theſe, when they ſee the ſame phæ- 
no:nena happen in the Torricellian experiment, whether it be made in the open air or 
in a chamber, are forward to object, that if it were, as we ſay it is, the weight of the 
air incumbent on the ſtagnant mercury, which keeps that ſuſpended in the tube from 
falling down, the mercury would not be ſuſtained at any thing ncar the ſame height in 


the open air, where the pillar that is ſuppoſed to lean upon the ſtagnant mercury, may 


reach up to the top of the atmoſphere, as in a cloſe room, where they imagine that no 
more air can preſs upon it than what reaches directly up to the roof or cicling. And 
when to this it is anſwered, that, though, if a room were indeed exactly cloſed, the ſuſ- 
tentation of the mercury ought to be aſcribed to ſome other cauſe than the weight of 
the impriſoned air, which other cauſe I have elſewhere ſhewn to be its ſpring, yet in 
ordinary rooms there is ſtill a communication between the internal and external air, either 
by the chimney, or, if the room have none, by ſome crevice in the window, or by ſome 
chink between the wall and the door, or at leaſt by the key-hole. And when to this it 
is objected, that the orifice of the key-hole is much narrower than the ſuperficies of the 
ſtagnant mercury, and conſequently, though the atmoſphere were not reduced to preſs 
obliquely on the mercury, yet, entering at ſo ſmall an orifice, it could not preſs ſuffi- 
cicntly upon it; when I ſay, in anſwer to this objeftioa I have alledged that = 
allc 
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ſtatical theorem, that the preſſure, in ſuch caſes as ours, is to be eſtimated by the heights 
of the liquors, and not the breadths, the aſſertion has been thought unlikely and preca- 
rious. 

To confirm, therefore, this hydroſtatical truth, one may take the bended tube men- 
tioned in the 22d experiment, and inclining it till the greateſt part of the mercury paſs 
from the ſhorter leg into the longer, the upper end of this ſhorter leg may by the 
flame of a lamp be drawn out ſo ſlender, that the orifice of it ſhall not be above an 
eighth or tenth part (not to ſay a much leſs) as big as it was before. For this being 
done, and the tube erected again, if the tall cylinder of mercury be of the uſual or 
former height, as we have found it, it will appear congruous to our hypotheſis that the 
weight of the external air may exerciſe as much preſſion upon the ſtagnant mercury 
through a little hole, as when all the upper ſuperficies of that mercury was directly ex- 

oſed to ĩt. 
8 And if one have not the conveniency to draw out the ſhorter leg, as is preſcribed, 
one may nevertheleſs make the trial, by carefully ſtopping up the orifice with a cork and 
cement, leaving only, or afterwards making a very ſmall hole for the air to paſs in and 
out. If I had not wanted a fit inſtrument, I would have tried to exemplify the truth of 
what has been delivered, by adding to the glaſſes we employed to make the fifth experi- 
ment fuch a cover as might be cemented on to the edge of the glaſs, having only a 
very ſmall hole in the miſt, at which the atmoſphere would be reduced to exerciſe its. 

reſſure; and the like cover I would have made uſe of in the tenth experiment, about: 
the breaking of glaſs-plates in the unexhauſted receiver, by the bare ſpring of the air. 


EXPERIMENT XXV. 


Shewing that an oblique preſſure of the atmoſphere may ſuffice to keep up the mercury ot the 
wonted height in the Torricellian experiment, and that the ſpring of a little incluaed air 
may do the ſame. 


By adding a couple of little circumſtances to the trials lately propoſed, we may con- 
firm two conſiderable articles of our hypotheſis. For, 1, if, inſtcad of drawing the 
ſorter leg of our barometrical Gphon, it I may ſo call. it, directly upwards or parallel 
to the longer leg, as in the foregoing experiment, you make the ſlender part bend eff 
lo, as that, if it were continued, it would make a right angle with the longer leg of sce Plare- 
the ſiphon, or elſe an acute angle, tending downwards; this being done, I fay, it when is 3. 
the tube is erected the mercury reſt at its wonted ſtation, it will appear that the preſſfure 
of the atmoſphere may be exerciſed upon it as well obliquely, when the pip? that con- 
veys it is either horizontal or opens downwards. 
 AnD, 2. if, inſtead of bending this ſlender pipe, one ſeal it up hermetically, the con- See Plate 
, tinuance of the mercurial cylinder at the ſame height will ſhew, that the ſpring of à very + 8 4+ 
little air, ſhut up with the preſſure of the atmoſphere upon it (though no more than what 
the air here below is ordinarily expoſed to by the weight of the incumbent air) is able to 
ſupport as tall a cylinder of mercury as the weight of the whole atmolphere, i. e. ot as 
much of it as can come to exerciſe its preſſure againſt the mercury. 
N. B. Ir when the ſhorter leg of the baroſcope is ſealed up, you move the infttumert: 
up and down, the mercury will vibrate, by reaſon of the ſomewhat yielding tpring of 
the impriſoned air; but becauſe of the reſiſtance of the ſpring the motion will be wer- 
lied after an odd and pretty manner; which may be ealily perceived. by the imnprefiun 
2 it. 
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it makes upon the hand, but not ſo eaſily deſcribed. And becauſe that, when the ſhorter 
leg is drawn out ſlender enough, after the inſtrument is furniſhed with quickſilver, it is 


ealy to ſeal it up with the flame of a candle, without the help of any inſtrument at all, 


I ſhall here take notice to your lordſhip (which I could not reafonably do before) that it 
may on ſome occaſions be convenient to ſeal up the barometer before it be tranſported, 
and, in ſome caſes, to incline the tube beforchand till the quickſilver have quite filled 
the longer leg; by this means the vibrations of the quickſilver will be leſs than other- 
wiſe they would be, and it will be no trouble at all, when the inſtrument is brought to 


the deſigned place, to break off the ſlender apex of the ſhorter leg, and ſo expoſe again 


the mercury to the prefſure of the atmoſphere. 
As about the former experiments, ſo about theſe two this advertiſement may be given, 
viz, That the ſame trials, for the main, may be made without confining one's ſelf tothe 


| propoſed ways of making them. 


1. For the firſt of theſe new trials may be made by cementing very carefully on to 
the orifice of the ſhorter leg (which need not be altered) a ſhort pipe of glaſs, whoſe 
upper end may be drawn out very flender, and bent either horizontally or downwards, 
which is far eaſter to be done than to draw out the ſhorter leg, when the glaſs is furniſhed 
with mercury. 

2. AxD as for the ſecond trial, that may be well enough made by carefully ſtopping 
the unaltered orifice of the ſhorter leg with a good cork, and our cloſe cement, or with 
the latter only; and when you would afterwards uſe this inſtrument as a baroſcope, you 
need but heat a pin or ſlender wire red hot, and ſo burn a hole through the ſtoppel. 

AnD this expedient, which I could not conveniently advertife your lordſhip of ſooner, 
may be of uſe, when a travelling baroſcope is to be often removed; becauſe having 
once ſtopped the whole orifice well, it is far more eaſy to ſtop and open a pin-hole 
accurately, than to cloſe and unſtop the whole orifice of the tube, 

NorTe, I endeavoured to confirm more than one of the foregoing particulars' by this 
one experiment. Having cauſed a portable barometer to be made with the ſhorter leg 
of a ſomewhat more than ordinary length, I afterwards cauſed the upper part of this leg 
to be drawn out very ſlender, as in this 25th experiment; and laſtly, I cauſed the ſame 
ſhorter leg to be either about or ſomewhat above the middle bended downwards, ſo 
that the ſmall orifice of the ſlender apex pointed towards the ground. This done, I 
was to have meaſured the height of the ſuſpended mercury, but not having a fit ruler 
at hand, I then deferred, and afterwards forgot to do it ; but I remember, that neither 
I, nor ſome others verſed in ſuch experiments, to whom I ſhewed it, took any notice, 
that the mercury was leſs high than in ordinary barometers; whence it was concluded, 
that the atmoſphere could exerciſe his preſſure not only at a very ſmall orifice, which in 
our experiment did little, if at all exceed a pin-hole, but when the air muſt at this 
little orifice preſs upwards to be able to preſs upon the ſurface of the ſtagnant mer- 
cury. 


EXPERTITMENTT AVI. 


About the making of a baroſcope (but of. little practical uſe) that ſerves but at certain 
| times. f I 
To ſhew ſome ingenious men by a medium that has not hitherto (that I know of) 


been made uſe of, that the not ſutfiding of quickſilver in an inverted tube, that 4 ; 
ittle 
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little ſhorter than thirty inches or thereabouts, does not proceed from fuch a fuga vacui 
as the ſchools aſcribe to nature, but from the gravity of the external air, I deviſed the 
following experiment. 

Havinc made choice of a time, when it appeared by a good baroſcope, which I had 
frequently conſulted for that purpoſe, that the atmoſphere was conſiderably heavy, 1 
cauſed a glaſs-pipe, hermetically ſealed at one end, and in length about two feet and a. 
half, to be filled with quickſilver, fave a very little, wherein ſome drops of water were 
put, that we might the better diſcern the bubbles, if any ſhould be left after the inverſion 
of the tube into an open glaſs with ſtaznant mercury in it, Having by this means, 
though not without difficulty, freed the tube from bubbles, we ſo ordered the matter, 
that the quickſilver and the little water that was about it filled the tube exactly, without 
leaving any interval, that we could diſcern at the top, and yet the mercurial cylinder 
was but very little higher than that of our baroſcope was at that time. 

This done, the newly filled pipe was left erected in a quiet place, where the liquors. 
retained their former height for divers days. But though an ordinary ſchool-philo!ophet 
would confidently have attributed this ſuſtentation of ſo heavy a body to nature's fear 
of admitting a vacuum; yet it ſeems, that either ſhe is not always equally ſubject to that 
fear, or ſome other cauſe of the phænomenon muſt be aſſigned ; for when (a pretty 
while after) I had obſerved by the baroſcope, that the atmoſphere was grown much lighter 
than before, repairing to my ſhort tube, I found, that according to my expectation the 
quickſilver was not inconſiderably ſubſided, and had left a cavity at the top, which. 
afterwards grew leſſer according as the atmoſphere grew heavier. 

N. B. 1. Tas tube employed about this experiment may be brought to the requiſite 
ſhortneſs, either by wearing off a little of the glaſs at the orifice of it, or by increaſing 
the height of the ſtagnant mercury into which it hath been inverted, 

2, Wren the quickſilver in our ſhort tube was much ſubſided, there appeared in the 
water that ſwam upon it a little bubble, about the bigneſs of a ſmall pin's head; bur, 
conſidering how careful we had been to free the tube from bubbles before we ſet it to 
reſt, it may very well be, that this fo ſmall a bubble was not produced till after the 
ſubſiding of the quickſilver, whereupon the aerial particles in the water became Icfs. 
compreſſed than before; not to mention that the bubble (ſuch as it was) appeared very: 
much greater than it would have done, if the preſſure of the atmoſphere had not been: 
kept from it by the weight of the ſubjacent pillar of mercury. 


EXPERIMENT XXYVIL 


About the aſcenſion of liquors in very flender pipes in an exhauſted receiver. 


Wrar I related to your lordſhip, in the 35th of the publiſhed experiments, about: 
the ſeemingly ſpontaneous aſcenſion of water in ſlender pipes, has occaſioned the maki g 
of many trials by the curious, whereby that experiment has been not a little Civerlified, 
But becauſe among thole I have yet heard of, none have been made in. our engine, it: 
may not be amiſs to add the following trial, which may be of ule in the examen of one 
or two of the chief conjectures that have hitherto been propoſed about the cauſe of that 
odd phenomenon, 

We tinged ſome ſpirit of wine with cochineal, which being put inte the receiver and 
the air withdrawn, did exceedingly bubble for a pretty while; then little hollow pipes: 


* 


232 New Experiments Phyſfico-mechanical, 


of different ſizes being put into it, the red liquor aſcended higher in the ſlenderer than 
the others; but upon the withdrawing of the air there ſcarce appeared any ſenſible dif- 
1 ference in the heights of the liquor, nor yet upon the letting it in again. 

Ni} AFTERWARDS two ſuch pipes of differing ſizes being faſtened together (at a diſtance) 
with cement, were let down into the ſame ſpirit of wine, when the receiver was well 
exhauſted, notwithſtanding which the liquor aſcended in them, for aught we could 
plainly ſee, after the ordinary manner; only when the air was let in again, there ſeemed 
to be ſome little (and but very little) riſing, at leaſt, in one of the pipes. In this trial, this 
phenomenon was noted, that though there appeared no bubbles at all in the veſſeled 
ſpirit of wine (notwithſtanding that we continued to pump) yet there did for a pretty 
while ariſe bubbles in that part of the liquor that was got into the ſlender pipes; which 
I gueſſed to proceed from the ſuſtentation (in part) of the ſpirit of wine, made by the 
inſide of the pipe whereto it adhered, 
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16 | About the great and ſeemingly ſpontaneous aſcenſion of water in a pipe filled with a compact 
" body, whoſe particles are thought incapable of imbibing it, 

UpPox occaſion of the (ſeemingly) ſpontaneous aſcenſion of water in ſlender pipes of 
glaſs, I conſidered, that it would be eaſy by another way to make it riſe to a far greater 
height than hitherto had been done; for ſince we had found by obſervation, that, ceteris 
paribus, the ſlenderer the little pipes were that we employed, the higher the liquor 
| would riſe in them; and ſince the hydroſtaticks had taught us, that oftentimes, even in 
1.11 very crooked pipes, water would be made to aſcend by the ſame ways (of railing it) to 

i the ſame perpendicular height (or thereabouts) as in ſtraight ones; I thought, that I 
might well ſubſtitute a powder, conſiſting of ſolid corpuſcles heaped upon one another 
and included in a glaſs-cane, inſtead of the little pipes J had hitherto uſed, For I con- 
ſidered the little intervals that would neceſſarily be left between theſe differingly ſhaped 
and confuſedly placed corpuſcles, would allow paſſage to the water, as did the cavities 
of the little pipes, and yet would in many places be ſtraighier than the ſlendereſt pipes I 
had uſed : and though beaten glaſs, or fine ſand, &c. might have been employed about 
this experiment, yet I judged it far more convenient to make uſe of ſome metalline 
"1 calx, becauſe the operation of the fire making a more exquiſite comminution of ſolid 
1 bodies than our peſtles are wont to do, is fit to ſupply us with exceeding minute grains, 
9 that intercept proportionable cavities between them. | 

Upon this conſideration, therefore (beſides others to be hereafter hinted) I took a 
ſtraight pipe of glaſs open at both ends, and of a moderate wideneſs (for it need not 
be very (lender) and having tied a linen-rag to one end of it, that the water might have 
free paſſage in, and the powder not be able to fall out, we carefully, and as exactly as 
We we could, filled the cavity with minium (which is lead calcined, without addition to 
1/4 redneſs); and then having erected the tube, ſo that the bottom of it reſted upon that 

of a ſomewhat ſhallow and open-mouthed glaſs, containing water enough to ſwim an 
This was inch or two above the bottom of the tube, into whoſe cavity it did, as J expected, 
(it l forget inſinuate itſelf by degrees, as appeared by a little change of colour in that part of the 
not about minium which it reached, till (the open glaſs being from time to time ſupplied with 


end ot chefrel liquor) it attained to the height of about 30 inches; and then, our Society ex- 


year 1662. A preſſing | 


touching the Spring of the Air. 


preſling a curioſity to ſee it and have it placed among better things, I was hindered 
from making any further obſervations with that particular glaſs. 

WHEREFORE, taking afterwards another tube and ſome minium carefully prepared, I 
proſecuted the experiment, ſo as to make the water riſe in the pipe about 40 inches 
above the ſurface of. the ſtagnant water. I gueſſed it had riſen higher, but by reaſon 
that, at the upper part of the minium, the difference of colour was ſo ſmall, as not to 
be eaſily diſtinguiſhable with certainty, 1 forbore to allow a greater height to the aſcen- 
fon of the water; nor could I, where I then was, much promote the experiment, for 
want of ſuch accommodations as I deſired; but about the experiment, as I tried it, I 
{ball take notice of the following particulars, | 

. I TRIED ſome other powders beſides red lead (as beaten glaſs, pieces of fine ſpunge, 
putty, &c.) but did not find any of them do ſo well; which ſucceſs was yet perhaps 
but accidental, and therefore the trial may be repeated, eſpecially with putty, becauſe 
that being a metalline calx as well as minium, conſiſts of very ſmall grains, and, by 
reaſon of its great whiteneſs, receives a greater change of colour by wetting than minium 
does; in which, eſpecially if it be very fine, the diſcoloration that water makes towards 
the upper part of the tube, is ſometimes not ſo eaſy to be clearly diſcerned. 

2. I pid indeed endeavour to remedy this inconvenience by uſing, inſtead of mere 
water, tincted liquors, as ink, tincture of ſaffron, &c. but they ſeemed not to riſe near 
ſo high as water alone, as if the diſſolved ingredients did by degrees choak the pores of 
the minium. | f 

3. To have the grains of our powder more minute, and the ſmaller intervals between 
them, I choſe not only to uſe the fineſt fort of minium I could procure, but alſo to ſift 
it through a very fine ſearce, and to put it but by little and little into the tube, that by 
ramming it from time to time it might be made- to le the cloſer ; which expedients 
ſucceeded not ill. | 

4. Ir ſeemed by a trial or two (for I am not ſure the obſervation will always hold) 
that if the tube were very ſlender (as about the bigneſs of a ſwan's quill) the experiment 
ſucceeded not well. 

5. Ir may be worth while to obſerve in what times the water aſcends to ſuch and 
ſuch heights ; for at the beginning it will aſcend much faſter than afterwards, and ſome- 
times it will continue riſing 24 or 30 hours, and ſometimes perhaps much longer. 

6. Ont of the ſcopes I propoſed to myſelf in this experiment was to diſcover a miſ- 
take in the explication, that ſome learned modern writers have given us of the cauſe of 
filtration; for, whereas they teach, that the parts of filter that touch the water, being 
ſwelled by the ingreſs of it to their pores, are thereby made to liit up the water till it 
touch the ſuperior parts of the filter that are almoſt contiguous to them; by which 
means, theſe being alſo wetted and ſwelled, raile the water to the other neighbouring 
parts of the filter till it have reached to the top of it, whence its own gravity will make 
it deſcend : but in our caſe we have a filter made of ſolid metalline corpulcles, where 
it will be very hard to ſhew that any ſuch intumeſcence is produced as the recited expli- 
cation requires, 

7. WaTER aſcends ſo few inches even in very ſlender pipes, as to tem much to 
favour their judgment, who diſallow the conjecture lately entertained by ſome ingenious 
men (particularly Mr. H.) about the raiſing of the ſap in trecs, after the like manner 
that water is raiſed in ſlender pipes. But without fully delivering yet my thoughts of 
that ſpeculation, I may take notice, that in the Jaſt trial above recited, I made water to 
aſcend near if not above 3 feet +; and if, by ſo flight an expedient, water may be made 
to riſe as high as is neceſſary for the nutrition of ſome thou and of plants (tor ſuch a 
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number there is, that exceed not 3 feet + in height) one may without abſurdity aſk, 
Why it is not poſſible that nature, or rather the moſt wile author of it, may have made 
ſuch contrivances in plants, as to make liquors aſcend in them to the tops of the talleſt 
trees; eſpecially ſince, beſides divers things that we may already ſuſpect (as heat, and 
ſomething equivalent to well placed valves) many others that perhaps are not yet dreamt 
of, may probably concur to the effect. 

8. As I formerly made, by bending the ſlender pipes we have been talking of, ſhort 
ſiphons, through which the water runs, without being at firſt aſſiſted by ſuction, fo 1 
thought fit to try, whether I could not in larger pipes, by the help of minium, make 
much longer ſiphons. But though when the orifices were turned upwards, fine minium 
were rammed into both the legs, and the orifices were both of them cloſed ; yet when 


they came to be again turned downwards the weight of the minium would ſomewhere or 


other (and, for the moſt part, at or near the flexure) 'make ſome ſuch chink or diſcon- 
tinuation, as to hinder the farther progreſs of the water. Which impediment, though 
I judged it ſuperable enough (eſpecially by making at the flexure a little pipe or ſocket, 
by which both legs might be cloſcly filled) yet for want of accommodations and leiſure 
it was left unſurmounted : upon which account alſo, I did not fatisfy myſelf about the 
ſucceſs of ſome former trials, as of the aſcenſion of water into pieces of wood of differ- 
ing ſorts, the operation of the viciſſitudes of the ſun's beams, and the abſence of them, 
upon liquors aſcending in tubes filled with minium, &c. 

9. WHETHER the preſſure of the outward air be the cauſe of the aſcenſion of liquors 
in cur tubes turniſhed with minium is a problem, in order to whole ſolution I could ac- 
quaint your lordſhip with a contrivance wherewith to make ſome trials in our engine, 
But ſince it can ſcarce be well deſcribed without many words, unleſs you expreſs a par- 
ticular curioſity to know it, I ſhall not trouble you with it; and the rather, becauſe the 
beſt way I know of examining this difficulty belongs to the ſecond part of this Conti- 
nuation, where mention is made of an attempt about it, which did not, I confe!s, diſ- 


plcale me. 


EXPERIMENT XXIX. 


Of the ſeemingly ſpontaneous aſcenſion of ſalts along the fides of glaſſes, with @ conjecture | 
| at the cauſe of it. 


To the ſame cauſe, or the like, with that of the aſcenſion of water in ſlender pipes, 
may be probably referred an odd phænomenon, which, though I remember not to have 
been mentioned by any chymical or other writer, I have not unfrequently oblerved, as 
well by chance as in trials purpoſely made to fatisfy myſelf, and others, about the truth 
of it. 

Taz phenomenon, in ſhort, was this: that having, in wide-mouthed glaſſes (which 
ſhould not be very deep) expoſed to the air a ſtrong ſolution of common ſea-falt, or of 
vitriol, which reached not, by ſome inches, to the top of the glaſs; and having ſuffered 
much of the aqueous part to exhale away very ſlowly, the coagulated ſalt would, at 


length, appear to have lined the inſide of the glaſs, and to have aſcended much higher, 


not only than the place where the ſurface of the remaining water then reſted at, but than 
the place to which the liquor reached when it was firſt poured in ; and if the experiment 
were continued long enough, I ſometimes obſerved this aſcenſion of the ſalt to amount 


to ſome inches, and that the ſalt did not only line the inſide of the glaſs, but, getting 
over 


touching the Spring of the Air. 


over the brim of it, covered the outſide of it with a faline cruſt z; which made them 
that ſaw how little liquor remained in the glaſs, admire how it could poſſibly get thi- 


G g 2 


Aup though I have mentioned but the ſolution of vitriol and ſea- ſalt, becauſe they 
are much eaſter than others to be procured, and yet the experiment ſucceeds better in 
them than in ſome other far leſs parable ſalts; yet they are not the only ones, by whoſe 
ſolutions the recited phænomenon may be exhibited. 

As for the cauſe of this odd effect, though I ſhall not propoſe any thing about it with 
confidence till I have further inquired into it, and eſpecially till I have tried whether 
the phznomenon may be produced in an exhauſted receiver; yet, by what I have hitherto 
obſerved, I am inclined to conjecture that it may be referred to ſuch a caule as that of 
the aſcenſion of liquors in pipes, after ſome ſuch manner as this. 

FigsT, I obſerved, that in water and aqueous liquors, that part of the ſurface which 
is next the ſides of the glaſs, is (whatever the reaſon of it be) ſenſibly more «levated 
than the reſt of the ſuperficies; and, if very little clippings of ſtraw or other ſuch mi- 
nute and light bodies, floating upon the water, chance to approach near enough to the 
ſides of the glaſs, they will be apt (which one would not expect) to run up, as it were, 
this aſcent of water, and reſt againſt the ſides of the glals. 

NkExr we may take notice, with the ſalt-boilers and chymiſts, that ſea-falt is uſually 
wont to coagulate at the top of the water in ſmall and oblong corpulcles, fo that as to 
theſe, it is eaſy to conceive to them that have conſidered the firſt obſervation, how 
numbers of them may faſten themſelves round about to the inſide of the glass. 
beſides ſea-ſalt, I have found by trial divers others, if their ſolutions be lowly enough 
evaporated, that will, whilſt yet there remains a good proportion of liquor, afford ſaline 
concretions at the top of the water; and the faſtening of ſaline particles to the ſides of 
the glals may perhaps be promoted by the coldneſs that may be communicated to the 
corpuſcles contiguous to the glaſs, by reaſon of the coldneſs which the glaſs may be ſuſ- 
pected to have, upon the ſcore of its denſity, in compariſon of water, But to pro- 
ceed : I conſider, that by the evaporation of the aqueous parts of the ſolution, the 
ſurface of the remaining liquor mult neceſſarily ſubſide, and thoſe ſaline particles that 
were contiguous to the inſide of the glaſs and the more elevated part of the water, 
having no longer enough of liquor to keep them diſſolved, will be apt to remain ſtick- 
ing to the ſides of the glaſs, and upon tbe leaſt farther evaporation of the water will 
be a little higher than the greater part of the ſuperficies of that liquor ; by which means 
it will come to paſs, that, by reaſon of the little inequalities that will be on the internal 
ſurface of the adhering corpuſcles of the ſalt, and perhaps alſo on the internal ſuperficies 
of the glaſs, there will be intercepted between the ſalt and the glaſs little cavitics, into 
which the water contiguous to the bottom will aſcend or be impelled, upon ſuch an 
account as that whereon it is raiſed in ſlender pipes. 
to the top of the ſalt, and comes to be expoſed to the air, the ſaline part may, by the 
evaporation of the aqueous, be brought to coagulate there, and conſequently to increafe 
the height of the ſaline film, if I may ſo call it; which, by the like means, may be at 
length brought to reach to the very top of the glaſs, whence it may eaſily be brought 
over to the outſide of the veſſel, where the natural weight of the ſolution will facilitate 
its progreſs downwards; and the ſkin of ſalt, together with the contiguous furiace of 
the glaſs, may at length conſtitute a kind of ſiphon. 

To this explication it agrees well, that I have uſually obſerved the ſaline film hitherto 
mentioned to te with great caſe ſeparable from the glaſs in large fleaks; which argues 
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ments) a dexterous artificer that chanced to come for a while to the place where I then 
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that they did not ſtick cloſe to one another, except in ſome few places, but had a thin 
cavity intercepted between them through which the water might aſcend. 

Nox is it repugnant to this explication, that in caſe the water aſcended, it ſhould, as 
it ſeems, diſſolve the ſalt; for the liquor being already upon the point of concretion, 
is ſo glutted with ſalt that it can diſſolve no more. Whence we may alſo render a rea- 
ſon, why, when the ſaline film chances to reach to the outſide of the glaſs, the liquor 
divers times does not run down to the bottom, but is coagulated by the way: and 1 
have alſo had a ſuſpicion (though I could not ſeaſonably take notice of it before now) 
that when the concretion is once begun, the film may be raiied and propagated, not only 
by the motion of the liquor between the inſide of it and the glaſs, but by the ſame 
liquors inſinuating itſelf on the outſide of the film into the ſmall chinks and crevices 
intercepted between the ſaline corpuſcles, as ink (eſpecially if ſomewhat thin) riſes into 
the lit, and along the ſides of the nib of a pin, though nothing but its very point be 
dipt in the ſurface of the liquor; and by this means the impregnated ſolution may, as 
it were, climb up to the top of the ſaline concretion, and by coagulating there add to 
its height, 

Sour t other circumſtances I have noted of our phænomenon that agree with the pro- 
poſed explication ; but perhaps it would not be worth while to ſpend more time about 
it, Not to examine here, whether what has been related, ſo as to make it probable, that 
aſcending water may carry up wherewithal to heighten and increaſe the pipes or veſſels 
through which it riſes, may contribute any thing more than was ſuggeſted in the former 
25th experiment, towards the explication of the riſing and diffuſing of the ſap in trees, 


EXPERIMENT XXX. 


About an attempt to meaſure the gravity of cylinders of the atmoſphere, ſo as that it may 
be expreſſed by known and common weights. 


Wulst I was making the former experiments, it was more than once my wiſh, that 
by knowing the juſt weight of a cylinder of quickſilver of a determinate diameter, and 
of 29 or 30 inches high, which is near the height that the air does u'vally counterba- 
lance, I might the better eſtimate the weight of a cylinder of the atmoſphere of that 
diameter, and conſequently make the better gueſſes how near the effects of the ſpring 
of the air, as well as of its weight, produced by the help of our engine, approached to 
the utmoſt of what might have been expected, in caſe all the inſtruments employed had 
been perfect, and all concurrent circumſtances had been favourable. And upon this 
account, I ſeveral times regretted my want of a long inſtrument of ſteel or hardened iron, 
wherewith I many years ſince made an obſervation that was more carefully regiſtered 
than preſerved, of the weight of a mercurial cylinder of a determinate height, as well as 
diameter; which weight I did not think ſo ſafe to determine by the help of glaſs tubes, 
becauſe it is very difficult to have them uniformly cylindrical, and to know that they are 
ſo, in regard that they are formed but by blowing and drawing out; and, beſides the 
inequality that may happen to the cavity upon other accounts, it is very difficult to make 
the ſides of the glaſs equally thick, and to examine whether they be ſo or no. 

Bur at length lighting upon (what I had too often wanted in the foregoing experi- 


was, 
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was, I endeavoured to repair my loſs, as well as he could help me to Co it, by cauſing 
him to turn very carefully a cylindrical piece of braſs of an inch in diameter, and three 
inches in length, and open (that it might be the better wrought) at both ends, to one 
of which was exactly fitted a flat bottom of the ſame metal faſtened very cloſe to it 
with little ſcrews on the outſide, this being judged a better way than if it had been turned 
all of a piece. : 

Ta1s inſtrument being diligently counterpoiſed in a truſty pair of ſcales, was carefully 
filled with mercury which (for greater caution) we took out of a new parcel, that we 
had not yet employed about other experiments, and finding it to weigh 17 ounces, «1 
drachm, 45 grains, Troy weight (or 137 drachms 45 grains) multiplying that by 10, 
there will come for the weight of a mercurial cylinder of one inch in diameter and 30 
inches in height (and ſo high I have divers times ſeen the mercury to be in a good baro- 
meter) about 14.2 Ib. (i. e. 14 lb. 2 ounces, and above three drachms, Troy weight); 
and almoſt 11.81b. Avoirdupoiſe weight (i. e. 11]b. 12 ounces, and above 6 drachms) 
which is a greater weight than, without ſuch a trial, one would eaſily imagine, that ſo 
ſhort a cylinder of mercury, and much leſs that a cylinder of ſo light a body as air, being 
neither of them above an inch diameter, could amount to. 

NorTe firſt, to examine at the ſame time the weight of the mercury, and its propor- 
tion to water, we did, before the mercury was poured into the braſs-veſſel, fill it with 
water (after which we wiped it dry before the mercury was put into it) and this liquor 
weighing 10 drachms and 15 grains, the proportion between the mercury and the water 
appeared to be that of 13 4+ to 1; which, though it ſeem ſomewhat of the leaſt, yet 
your lordſhip may remember that | formerly told you I had ſeveral times found the 
received proportion of 14 to 1, between mercury and water, to be ſomewhat too great; 
and beſides that, in a veſſel whoſe orifice was no leſs than an inch in diameter, it is 
exceeding difficult to be ſure when it is preciſcly full, either of water or mercury, be- 
cauſe the former has a ſuperficies conſiderably concave, and the other one that is notably- 
convex; and though we uſed ſome little artifices (which would be troubleſome here to- 
mention) to eſtimate the protuberance of the one liquor and the deficience of the other, 
as near the truth as could be, yet I am not ſure but there may have been a few mercu- 
rial corpuſcles more than there ſhould have been, and that conſequently ſome ſmall abate- 
ment may have been made of the weight newly attributed to the whole mercurial cylin- 
der of 30 inches. 

2. I nar thoughts of making uſe of the barrel of a gun, of a convenient length, to 
find the weight of a mercurial cylinder of 2 feet and 4; but I preferred the inſtrument 
already made uſe of («ſpecially not being where I could have one bored after a peculiar 
way) not only becauſe could not meet with one whoſe diameter was juſt an inch, and 
conſequently as convenient for calculations, and becauſe that the barrels of guns are 
often bored a little tapering; but becauſe a ſkilful artificer confeſſed to me that they 
ſcarce ever bore ſuch barrels but with a four-ſquare bit (as they call it) which leaves the 
cavity too angular, or too imperfectly round; whereas if an hexahedrical bit be employed, 
It will, as he affirmed, make the cavity almoſt as cylindrical as can be reaſonably deſired. 
I ſay nothing here of making uſe, for our purpoſe, of a trunk, as they call a hollow 
cylinder of wood, becauſe I elſewhere ſhew that wood (at leaſt ſuch as the trunks to 
_ pellets with are wont to be made of) is not of a texture cloſe enough for ſuch an 
uſe. | 

3. Becavsr in cylinders of mercury, 30 inches is a height which the atmoſphere is 
feldom heavy enough to be able to counterpoiſe z and becauſe 29 inches is ſomewhat- 
nearer the middle between the greateſt and the leaſt heights, at which L have obſerved 
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the mercury at differing times to ſtand in good barometers; your lordſhip may, if 
you pleaſe, abate a thirtieth part of the weight aſſigned above to a mercurial cylinder of 
30 inches (though I take 29 and 2, or thereabouts, to be ſomewhat a more uſual 
height of the mercury than preciſely nine-and-twenty). | 

4. Tus weight of a mercurial cylinder in an equilibrium with the atmoſphere, and of 
one inch in diameter, being thus ſettled, we may, by the help of the doctrine of pro- 
portions and a few propoſitions, eſpecially the 14th of the 11th book of Euclid's Ele- 
ments, eaſily enough calculate the weight of a cylinder of mercury of another diameter, 
and conſequently the force of the preſſure of an atmoſpherical pillar of the ſame ciame- 
ter. For ſince according to the torenamed 14th propoſition of the 11th, cylinders of 
equal heights are to one another as their baſes; and ſince by the ſecond propoſition of the 
fame 11th element, circles (ſuch as are the baſes of cylinders) are to one another as the 
ſquares of their diameters; and ſince, laſtly, we ſuppoſe that mercury being a homo- 
geneous body, at leaſt as to ſenſe, the mercurial cylinders will have the ſame proportion 
to.cach other in weight that they have in bulk; ſince, I ſay, theſe things are fo, if, for 
inſtance, we deſire to know what will be the weight of a cylinder of 30 inches high 
whoſe diameter is two inches, the rule will be this: 

As the ſquare of the diameter of the ſtandard cylinder (as I call that whoſe weight is 
already known) is to the . ſquare of the diameter of the cylinder propoſed, ſo will the 
_ of the former cylinder be to that of the latter, and the weight of that to the weight 

this. 

AccorDinG to which rule, the ſquare of one inch (which is the diameter of the ſtan- 
dard cylinder) being but one (whereby your lordſhip may perceive how much the mea- 
fure I pitched on facilitates computations) and the ſquare of two (which is the diameter 
of the propoſed cylinder) being four, the bulk or ſolid contents of this latter cylinder, 
and conſequently its weight, will be four times as great as thoſe of the ſtandard cylinder ; 
and fo, ſince the leſſer has been already ſuppoſed to weigh 11.8 Ib. avoirdupoiſe, the 
mercurial cylinder of two inches in diameter will weigh 47.2 Ib. of the ſame weight, 


EXPERIMENT XXXI. 


About the attraktive virtue of the loadſtone in an exhauſted receiver. 


Sou learned modern philoſophers that have attempted to explicate the cauſe and 
manner of magnetical attraction or coition, give ſuch an account of it, as ſuppoſes 
that the air between the two magnetical bodies, being driven away by their effluviums 
from between them, preſſes them on the parts oppoſite to thoſe where the contact is to 
be made; and upon ſome ſuch ſcore (for I muſt not now ſtay to deliver their theories 
circumſtantially) the air is ſuppoſed to contribute very much to the attraction and ſuſten- 
tation of the iron by the loadſtone; wherefore, partly to examine this opinion, and partly 
for ſome other purpoſes (not neceſſary now to be mentioned) we thought fit to make the 
following experiment. 

Wr took a ſmall, hut vigorous loadſtone, capped and fitted with a looſe plate of ſteel, 
ſo ſhap<d that when it was ſuſtained by the loadſtone, we could harg at a little crook, 
that came out of the midſt of it, and pointed downward, a ſcale wherein to put what 
weights we ſhould think fit; into this ſcale we put ſometimes more and ſometimes lels 
weight; and then by ſhaking of the loadſtone as much as we gueſſed it would be 
thaken by the motion of the engine, we found the greateſt weight that we preſumed 8 

WOU 
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would be able to ſupport, in ſpite of the agitation it would be expoſed to, which proved 
to be, beſides the iron-plate and the ſcale, fix ounces Troy weight, to which if we added 
half an ounce more, the whole weight appeared too eaſy to be ſhaken off : this done, we 
hung the loadſtone, with all the weight it ſuſtained, at a button of glaſs, which we had 
procured to be faſtened on to the top of the inſide of a receiver, when it was firſt blown; 
and though in about 12 exſuctions we uſually emptied ſuch receivers as much as was 
requiſite for moſt experiments, yet this time, to exhauſt it the more accurately, we con- 
tinued pumping till we had exceeded twice that number of exſuctions; at the end of 
which time, thaking the engine ſomewhat rudely, without thereby ſhaking off the weight 
that hung at the loadſtone, the iron ſeemed to be very near as firmly ſuſtained by it, as 
before the air began to be pumped out : I ſaid very near, rather than altogether, becauſe 
that the withdrawing of the air, though it be not ſuppoſed to weaken at all the power 
of the loadſtone preciſely conſidered, yet it muſt leſſen its power to ſuſtain the ſteel 
becauſe this in ſo thin a medium muſt weigh heavier than in the air, by the weight of 
as much air as is equal in bulk to the appended body. | 

Some other magnetical trials (and allo ſome electrical ones) I remember I attempted 
to make by the help of our engine; but not having the notes I took of them now at 
hand, I ſhall ſuſpend the mentioning them, till I can give your lordſhip a more punctual 
account of them. 


EXPERIMEN T XXXII. 


Shewing that when the preſſure of the external air is taken off, it is very eaſy to draw up 
the ſucker of a ſyringe, though the bole, at which the air or water ſucceed, be 


Stopped. 


Havine taken notice that ſome learned oppoſers of the modern doctrine about the 
weight of the atmoſphere think themſelves more than ordinarily befriended by the diffi- 
culty we find in drawing up the embolus or ſucker of a ſyringe, when the hole at which 


the air or water ſhould ſucceed is ſtopped, and by the violence with which, as ſoon as it 
is let go, it is, as they imagine, drawn back; and ſuppoſing the reaſon of this confi- 
dence of theirs to be that men have not yet been able in theſe phænomena (as in ſome 


others) to prove the intereſt of the atmoſphere*s gravity by direct or confeſſedly analagous 


experiments; I preſumed it will not be unwelcome to your lordſhip, if I here fortify the 


ſpeculations that have been or may be propoſed to explicate theſe things according to 
the hypotheſis of the weight of the air, by what we tried to that purpoſe, among others, 


when we were making ule of a ſyringe in our engine. 


The FigsT TRIAL. 


We took a ſyringe of braſs (that metal being cloſer and ſtronger than pewter, of which 
ſuch inſtruments are uſually made) being in length (in the barrel) about ſix inches, and 
in diameter about one inch 3; and having, by putting a thin bladder about the ſucker, . 


and by pouring a little oil into the cavity of the cylinder (or barrel) brought the inſtru- 
ment to be ſtanch enough, and yet the ſucker to move to and fro without much diffi- 


culty, we thruſt this to the bottom (or baſis) of the barrel to exclude the air; and having 
unicrewed and laid aſide the ſlender pipe of the ſyringe (which in this and ſome other 
trials was like to prove not only necdleſs but inconvenient) we carefully ſtopped the 

| orifice. 
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-orifice to which the pipe in theſe inſtruments is wont to be ſcrewed, and then drawing 
up the ſucker we'let'it go, to judge by the violence with which it would be driven 
back again, whether the ſyringe were light enough for our purpoſe z and finding it to be 
ſo, we faſtened to the barrel a ponderous piece of iron to keep it down, and then faſten- 
ing to the handle of the rammer (or axle-tree of the ſucker) one end of a ſtring, whoſe 
other end was tied to the often- mentioned turning key, we conveyed this ſyringe, and 

See Plate the weight belonging unto it, into a receiver; and having pumped out the air, we then 

VI. Fig i. began to turn the key, thereby to ſhorten the ſtring that tied the handle of the ſyringe 
to it; and, as we foretold, that the preſſure of the air lately included in the receiver 
being withdrawn, we ſhould no more find the wonted reſiſtance in drawing up the ſucker 
from the bottom of the cylinder, ſo we found upon trial that we could very eaſily pull it 
up without finding any ſenſible reſiſtance, 

HoweveR, having thought fit to repeat the experiment (which we did with the like 
ſucceſs) leſt it might be objected that this want of reſiſtance might proceed, as partly 
from our employing the turning key to raiſe the ſucker, ſo principally from ſome urper- 
ceived leak at which the air may be ſuppoſed to have got into the cavity of the cylinder, 
I-thought fit not only to examine by trial, after the receiver was removed from off the 
pump, whether the ſyringe were not ſtanch (upon which I found that I could not, without 
ſome ſtraining, draw up the ſucker even a little way, and that it would be violently 
beaten back again) but alſo in one of theſe experiments to make this variation, that 
when the receiver being exhauſted, we had drawn up the ſucker almoſt to the top of the 
barrel, by ſuch a ſtring as was purpoſely choſen ſomewhat weak, we kept the parts of 
the ſyringe in that poſture, till we had opened a paſſage to the outward air, upon whoſe 
ingreſs the ſucker was (as we intended it ſhould be) ſo forcibly depreſſtd, that it broke 
the ſtring by which it was tied to the turning key, and was violently driven back to the 
lower part of the barrel, and that notwi:hſtanding theſe two diſadvantageous circum- 
ſtances ; one, that the ſtring was not ſo weak but that one whom I employed to try it 
before it was faſtened to the ſyringe, made it ſuſtain a lamp of iron that weighed be- 
tween four and five pounds; and the other, that yet this ſtring was broken long before 
all the air that flowed in to fill the receiver had got in; ſo that the preſſure of all the 
admitted air would doubtleſs have broken a much ſtronger ſtring, if we had employed 
ſuch a one to reſiſt the depreſſion of the ſucker, which will yet be more evident by a 
phenomenon of our ſyringe, that I ſhall preſently have occaſion to relate. 


The Second TRIAL. - 


Containing a variation of the foregoing. 


We took the ſyringe employed in the foregoing experiments, and having found by 
trial that it was, though not perfectly, tight, nor altogether ſo much lo as betote, yet 
enough ſo for our preſent purpole (ſince, when the orifice of the vent in the baſis was 
ſtopped, if the ſucker were more forcibly drawn up a little way, and then let go, it 

would haſtily return, or rather violently be impelled back towards the bottom of the 
barrel) we made it ſerve us as well as we could for the following experiment. Of this 
ſyringe we did very carefully with a cork and our cement clole the vent; and then 
having ticd to the barrel of the ſyringe a weight that happened to be at hand (and to 
amount to two pounds and as mary ounces) we ſuſpended the rammer of the ſyringe by 
a ſtring in a large recciver; and then cauſing the pump to be applied, we made ; 4 12 
exſluctions 


zouching the Spring of the Air. 


exſudions of the air, without any appearance of change in the ſyringe. But becauſe I 
had judged the above-mentioned weight ſufficient, and ſuppoſed, that the little air ſtill 
remaining in the receiver had yet too ſtrong a preſſure to be ſurmounted by it, I cauſed 
the pumping to be continued, and within two or three exſuctions more I perceived the 
cylinder to begin to be drawn down, though but very ſlowly, by the weight hanging at 
it (afliſted by its own gravity) and likewiſe tried (after having purpoſely ſtopped a- while 
the working of the pump) that juſt upon a freſh ſuck the deſcent would be manifeſtly 
accelerated. And when we had ſuffered the barre] and weight to flide down as far as 


we thought fir, we let in the external air, which, as was to be expected, raiſed them 
both again much faſter than they had ſubſided. 


N. B. TERRE would not have needed any thing near ſo great a weight to depreſs the 
barrel of the ſyringe, but that it is difficult in ſuch an inſtrument to make the ſucker fill 
it accurately enough, without making it ſomewhat uneaſy to be moved to and fro; 
upon which account it was neceſſary that a weight ſhould be added, not only to ſur- 
mount the preſſure of the air remaining in the receiver (which was not, nor needed to 
be diligently exhauſted in this experiment) but to overcome that reſiſtance which we juſt 
now noted the inequalities of the inſide of the cylinder, and thoſe of the ſucker to give 
to the motion of the one in or over the other. And yet for all this it is not eaſy, though 
it be not impoſſible, to make one of theſe ſyringes very tight, eſpecially when the noſe 
is well ſtopped and the ſucker drawn up, there being often ſome little air that ſtrains 
in between the ſucker and the barrel, and ſome that will be harboured between the ſucker, 
though thruſt home, and the bottom of the barrel, beſides what may lurk between the 
ſame ſucker and the cork that ſtops the orifice of the vent: nor were we confident that 
our ſyringe did not at length let ſome aerial particles inſinuate themſelves into the cavity, 
which the depreſſion of the barrel had made betwixt the baſes of that barrel and the 
ſucker z and in ſuch caſes we ought not to wonder, if upon the return of the air the barrel 


oo 


and weight be not impelled up altogether to the fame height they reſted at when they 


were firſt ſuſpended in the receiver, 


2. IT agreed very well with our doctrine, that as the cylinder and weight began not 
to fall till a great quantity of air had been pumped out of the receiver, ſo they did not 
begin to move upwards preſently upon the freedom that was allowed the air to return 
into the receiver ; for till it had continued a pretty while flowing in, there was not 
enough of it entered to reſtore, by its preſſure, the cylinder and the annexed weight to 
their former ſituation. | 

3. War has been delivered about our experiment may be confirmed by this varia- 
tion which we made of it; that having ſubſtituted a far heavier weight inſtead of that 
lately mentioned, the depreſſion of the barrel of the ſyringe ſucceeded two or three times 


one after another much ſooner than formerly, viz, about the ſixth, or at moſt the ſeventh 
exſuction. | 


EXPERIMENT XXXIII. 


About the opening of a ſyringe whoſe p pe was ſtopped in the exbauſted receiver, and by the 
| help of it making the preſſure of the air lift up a conſiderable weight. 


Tnovon the trial I am about to relate had not all the ſucceſs I deſired, yet perhaps it 


will not be impertinent to make mention of it, becaule there is not any ſort of experi- 


mow = is wont lo much to perſuade the generality of ſpectators of the great force of 
OL, III. 
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See Plate 
VI. Fig. 2 


of which a convenient quantity of air being pumped, we were thereby enabled eaſily to 
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the preſſure of the air, as thoſe wherein they plainly ſee heavy and ſolid bodies made to 
aſcend (upon the operation of the air on them) without ſeeing any other thing lift them 


Ws took the often-mentioned ſyringe, and having cloſed up the hole at the bottom 
with good cement, we tied to the barrel a hollow piece of iron that ſerved us for a ſcale, 
into which we put divers weights one after another, trying from time to time, whether, 
when the fucker was forcibly drawn up and held ſteadily in its higheſt ſtation, the 
weight tied to the barrel (which was held down whilſt the ſucker was drawn up, and 
afterwards let go) would be conſiderably raiſed. And when we perceived that the addi. 
tion of half a pound or a pound more would make the weight too great to be ſo raiſed, 
we forbore to put in that increaſe of weight; and having tied the handle of the rammer 
to the turning-key, we conveyed the ſyringe, together with its clog, into a receiver, out 


draw up the ſucker without the cylinder; after which, having let in the air, the by. 
ſtanders concluded that the weight was raiſed a little, which yet I would not have allowed, 
if we had not been able, by inclining the engine and the receiver, to make the ſyringe 
and weight a little to ſwing. But to make the effect more evident, I cauſed a two pound 
weight to be taken out, and then the receiver being ſomewhat exhauſted, and the air 
re-admitted, the clog, when all the air was come in, was ſwiftly raiſed, and, as it were, 
ſnatched up from the middle to the upper part of the ſuſpended rammer. 

Ir is no eaſy matter to meaſure, with any certainty and exactneſs by a ſyringe, the 
weight of an atmoſpherical pillar equal to it in diameter, eſpecially if there be any imper- 
fection in the ſyringe, either becauſe the ſucker does not go cloſe enough, in which caſe 
it can ſcarce be ſtanch, or becauſe by its preſſure againſt the inſide of the barrel, which 
often happens if it be too cloſe, it hinders the ſucker and barrel from ſliding without 
reſiſtance by one another, and conſequently there is an undue reſiſtance made to the 
endeavour of the atmoſphere to raiſe the barrel and weight; and therefore, though our 
ſyringe being, upon the account of ſome ill accident, leſs in order than it was in ſome 
of the foregoing experiments, I muſt not conclude that a cylinder of the atmoſphere of 
the ſame wideneſs with it is equipollent to no greater a weight than that which was taken 
up in our trial, yet we may ſafely conclude, that fo ſlender a pillar of the atmoſphere is 
able to raiſe by a ſyringe at leaſt ſuch a weight, as in our experiment it actually lifted 
up, which amounted to above ſixteen pounds (avoirdupoiſe weight) for it exceeded 
fifteen pounds and three quarters, beſides the weight of the ſyringe's barrel itſelf, 


EXPERIMENT XXXIV. 
Shewing that the cauſe of the aſcenſion of liquors in ſyringes is to be derived from the preſſure 
0 


f the air. 


I SHALL not here trouble your lordſhip with what I have elſewhere propoſed about the 
explicating of ſuction ; but as by the lately recited experiments (I mean the 3 iſt, 32d, and 
33d) it has _— that it is to the preſſure of the external air that we ſhould aſcribe 
the difficulty of drawing up the ſucker of a ſyringe when the pipe or the vent is ſtopped ; 
ſo I ſhall now endeavour to ſhew that the aſcenſion of liquors which follow the ſucker 
when it is drawn up, the pipe being open, depends alſo upon the preſſure of the air 
incumbent on that liquor, 
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Ir 1 had been farniſhed-with very tall receivers and ſuch other glaſſes as I could have 
wiſhed, I had tried the following experiments with water, as well as quickſilver; but 
for want of thoſe accommodations-I was reduced to make my experiment with the latter 
only, of thoſe liquors, which yet will, I hope, ſufficiently make out what was intended. 


Fn 
The FigsT TRIAL. 


Wx took a ſmall receiver ſhaped almoſt like a pear, cut off horizontally at both ends _ _ 
(being the ſame capped glaſs that is elſewhere mentioned in the accounts of other experi- „hi k. 
ments); we alſo took the ſyringe formerly deſcribed, and, having faſtened on to it;ho' made 
with good cement, inſtead of its own braſs pipe, a ſmall glaſs-pipe of about half a foot primarily 
in length, we put this ſyringe in at the narrower end of the receiver; to whoſe orifice fo: N 
was afterwards carefully cemented on the braſs-cap with the turning-key, whereto — 9 
tied by a ſtring the handle of the rammer; then having conveniently placed upon the facilitate 


engine a very ſhort thick glaſs ſhaped like a ſugar-loaf (which was made uſe of for the con- 


want of a better) with a ſufficient quantity of quickſilver in it, we ſo placed the receiver <'"'"s of 


over it, that the lower end of the pipe of the ſyringe reached almoſt to the bottom 
this glaſs, and conſequently was immerſed a pretty way beneath the ſurface of the quick- 
ſilver: we had alſo poured a little water in the upper part of the ſyringe, that no air 
might get in between the ſucker and the cylinder, notwithſtanding: that, by ſome acci- 
dent or other, the ſyringe was become ſomewhat leſs tight than before: and laſt of all, 

we cemented the receiver to the engine after the uſual manner. 

THAT which now remained being to try the experiment itſelf, in order to which all 
this had been done, the air was pumped out of the receiver (and conſequently out of the 
little glaſs that held the mercury) and then the ſucker being warily drawn up, we could 
not ſee the quickſilver aſcend to follow it, though a little water, which, it ſeems, the 
outward air had thruſt in between the ſucker and the cylinder, was either raiſed or ſtop- 
ped in the glaſs-pipe of the ſyringe (whereof yet much the greateſt part remained un- 
filled); of which the reaſon, according to our hypotheſis, was m:nifeſt, namely, that 
the air being pumped out of the receiver, the little that remained had not flrength enough 
to preſs up ſo ponderous a liquor as the quickſilver into the pipe (though even that little 
unexhauſted air might have ſpring enough left to raiſe a little water); and fince it ap- 
peared by this, that without the preſſure of the air the quickſilver would not be elevated, 
we thought it ſeaſonable to ſhew, that by the preſſure of the a'r it would : whereupon, 
the air being let ſlowly into the receiver, the mercury was quickly impelled up at leaſt 
to the top of the glaſs-pipe (though, by reaſon of ſome unperceived leak it was not long 
ſuſtained there). 

Axp for further ſatisfaction, when the experiment was to be tried over again, we 
ordered it to be ſo made that might plainly be obſerved, that though, when the receiver 
not being yet exhauſted, the ſucker was drawn up but one inch, the mercury would be 
raſed to the upper part of the glaſs-pipe of the ſyringe, yet after the exhauſting of the 
receiver, though the ſucker was drawn up twice as high, there appeared no aſcenſion of 
the mercury in the pipe, whoſe lower part only was darkened by the little glafs which 
contained that fluid metal, ; : 

Berone I diſmiſs this experiment, I muſt, to make good a promiſe I made your lord- 

ip, acquaint you with a phenomenon which does not a little confirm our doctrine, ac- 
cording to which it was eaſy both to foreſee, and to explain it; the phenomenon was, 
that if, when the air was dihgently pumped out of the receiver, the ſucker were endea- 
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voured to be pulled up, it could not be ſo without much difficulty and reſiſtance, ſuch 
as was formerly found when the vent of the ſyringe yas ſtopped, of which in our hypo- 
theſis the reaſon may be clearly this; that there being no common air in the receiver to 
aſſiſt by its preſſure (whether immediate or mediate) the raiſing of the ſucker, this could 
not be raiſed but by a force great enough to ſurmount the weight of the external air or 
atmoſpherical pillar that leaned upon it, ſo that as the other phænomena of our experi- 
ments manifeſt, that the raiſing of liquors by a ſyringe, which is commonly aſcribed to 
attraction, depends upon the preſſure of the air; ſo by this phænomenon it appears that 
the difficulty of opening a ſyringe whoſe pipe is ſtopped need not be attributed to ſuch 
a fuga vacui as vulgar philoſophers refer it to; fince, in our caſe, the ſame difficulty 
was found, though the pipe were open and the liquor it was immerſed- in might have 
had free acceſs to the place deſerted by the ſucker. 


The Sgcoxp TRIAI. 
Being a proſecution of the former attempt. 


To vary as well as confirm the foregoing experiment, we cauſed the ſyringe to be tied 
faſt to a competently ponderous body that might keep the cylinder unmoved, when the 
ſucker ſhould be drawn up ; we alſo cemented on to the vent or ſcrew at the bottom 
of the ſyringe, a pipe of glaſs of about two inches in length (which ſhould have been 
longer, but that then there would not have been room in the receiver for 3 up of 
the ſucker) and having placed the heavy body whereto the ſyringe was tied upon a pe- 
deſtal of a convenient height, that the glaſs- pipe might be all ſeen beneath it, and a 
very low phial almoſt filled with quickſilver might be ſo placed underneath the pipe, that 
the ſtagnant mercury reached a good way above the immerſed orifice of the ſaid pipe. 
Theſe things being thus provided, and the handle of the ſyringe's rammer being tied 
with a ſtring to the turning - key that belonged to the braſs- cover of the receiver, this 
veſſel was cemented on to the engine, and by it exhauſted after the uſual manner. 

Wren this was done, we looked upon the ſyringe's glaſs - pipe above mentioned, and 
being able to ſee through it (whereby we were certain that it was not yet full of quick- 
ſilver) we did, by the ſtring, draw up the ſucker to a good height, but could not per- 
ceive the pipe to be filled with any ſucceeding mercury; wherefore, warily letting in 
ſome air, we quickly ſaw the mercury impelled to the very top of the pipe; and we 
concluded, from the quantity of quickſilver that was raiſed, that a pretty deal was alſo 
driven into the cavity of the cylinder. 

N. B. I Hap once before ſeen the mercury aſcend into the pipe upon the letting in 
of the air into the emptied receiver ; but it ſeeming ſomewhat difficult to me to deter- 
mine whether the ſucker had been raiſed, becauſe there was no mark to guide my eſti- 
mate by, I thought it might be ſuſpected, that in caſe the ſucker had not been raiſed, 
the aſcenſion of the quickſilver might have proceeded from hence, that the air contained 
in the glaſs pipe breaking out through the ſtagnant mercury upon the exhauſting of 
the receiver, the quickſilver might, upon the return of the air into the receiver, be 
preſſed up into the place deſerted by the air that broke out of the pipe; wherefore we 
cauſed a ſtring to be tied about the rammer, as near as we could to the top of the cy- 
linder, by which means, when the receiver was the next time exhauſted, we perceived, 
that by drawing up the ſucker we had raiſed it about two inches, if not more, and yet 
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we could not diſcern any mercury to follow it (the glaſs-pipe ſtill continuing tranſparent) 
until we had let ſome air return into the receiver. 

Tais experiment, joined with thoſe we have formerly related to have been tried with 
our ſyringe, may teach us, that if a ſyringe were made uſe of above the atmoſphere, 
neither the ſtopping of the pipe would hinder the eaſy drawing up of the ſucker, nor the 
drawing up of the ſucker, though the pipe were not ſtopped, would raiſe by ſuction the 
liquor which the pipe was immerſed in. 


Pos TSCRIPT. 


Since the laſt-recited experiment was made and written, finding ſome of our inſtru- 


ments to be in better order than they were when that trial was made, we thought fit to 
endeavour, by that which follows, to repair an omiſſion or two that formerly we could 
not well avoid. 

Havins then cauſed ſuch a glaſs- pipe, as has been lately mentioned, to be well ce- 
mented on to the ſyringe (whoſe ſucker did now move more eaſily, and yet fill the 
barrel more exactly than before) I ordered (being to be abſent for a while myſelf) that 
the pipe ſhould be filled with ſpirit of wine tincted with cochineal, that the liquor and its 
motions might be the better diſcerned, and that the pipe being filled, that air might be 
excluded which would elſe be harboured in the pipe, which caution was omitted in the 
foregoing experiment: and this the perſon to whom I committed it, affirmed to have 
been carefully done, though when he inverted the pipe thus filled into the reſt of the red 
liquor, that was put into a phial, he could not poſſibly do it ſo well but that a bubble 
of air got into the pipe, and took up ſome (though but a little) room there: by that 
time I was called upon to ſee the event of the trial, and could come to look upon it, 
the receiver was almoſt quite exhauſted ; wherefore, after I had made the pumping be 
continued a little longer, and perceived that the tinted ſpirit was fallen down out of 
the pipe, and that which lay in the phial ſeemed almoſt to boil at the top, by reaſon of 
the emerſion of numerous bubbies, I cauſed the ſucker to be, by the help of the turning- 
key, drawn up by our eſtimate about two inches and a half, notwithſtanding which we 
could not perceive the ſpirit of wine to. riſe in the pipe, though the pumping were be- 
fore left off: for which reaſon I ordered the air to be let in very leiſurely, upon which 
we could plainly ſee that the red ſpirit was quickly driven up to the top of the pipe; 
and that it was ſo likewiſe into the cavity of the barrel, appeared, when the receiver was 
removed, by the ſmall quantity of liquor that remained in the phial, and the plenty of 
it which came out of the ſyringe. , ; 

N. B. Tuar if I had not wanted dexterous artificers to work according to a contri- 
vance I had deſigned, I had attempted to imitate, by the help of the bare ſpring of the 
air, ſuch experiments as in the lately recited trials were made to ſucceed, by the help of 
the preſſure exerciſed by the air upon the account of its weight. 
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-of tow, flax, or the like, burned for a little while in it, and the glaſs be preſently clap- 
ed upon ſome fleſhy. part of a man's body, there will quickly enſue a painful and viſible 


rarefied by heat when the inſtrument is applied, that heat after a while ceaſing, the ſuc- 


no longer able to fill the whole ſpace it repleniſhed before, there would enſue a vacuum, 
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EXPERIMEN.T XXXV. 


Shewing, that upon the preſſure of the air depends the flicking of cupping -glaſſes to the fleſhy. 
parts they are applied to. 


IT is ſufficiently known, that if the air within a cupping-glaſs be rarefied by the flame 


ſwelling of the part covered by the cupping-glaſs. 

Ir is allo known that this experiment is wont tq be urged by the ſchools, as a clear 
proof of that abhorrence of a vacuum they aſcribe to nature; for, ſay they, the reaſon 
of this phenomenon is plainly, that the internal air of the cupping-glaſs, præternaturally 


ceeding cold muſt again neceffarily condenſe the air; and ſo this contrafted air being 


if the fleſh covered by the cupping-glaſs, or adjoining to it, did not ſwell into the cavity 
of it, to fill the place deſerted by the air. | | 

Trosz moderns that aſſert the weight of the atmoſphere, do thence ingeniouſly endea- 
vour to deduce the phznomenon; and indeed, if to their hypotheſis about the air's 
weight the conſideration of its ſpring be added, it will be eaſy enough to explicate the phæ- 
nomenon, by ſaying, that when the cupping-glaſs is firſt ſer on, though much of the air it 
formerly contained were a little before expelled by the heat, yet the ſame heat, increaſing 
the preſſure of the remaining air, is the cauſe that the abſence of the air driven out of 
the glaſs does not immediately occaſion fo ſenſible a pain; but when that adventitious 
agitation of the included air ceaſes, that air having now (becauſe of the paucity of its 
corpuſcles) but a weak ſpring, can no longer preſs upon the part covered by the cupping- 
glaſs near ſo ſtrongly, as the outward air does by its weight preſs upon all the neigh- 
bouring parts of the fleſh; by which means, according to what we have more than once 
explicated already, ſome of the yielding fleſh or other body covered by the ſkin muſt 
be forcibly thruſt into the cavity of the cupping-glaſs, where there is leſs preſſure than at 
the- outſide of it: and the fibres and membranous parts being thus violently ſtretched, 
there muſt needs follow a ſenſible pain as well as tumour ; which tumour yet does not 
fill up the cupping-glaſs, not only becauſe of the reſiſtance of the ſkin to be ſo far diſ- 
tended, but alſo, if the included air have not been much rarefied, becauſe of the ſpring 
of the impriſoned air, which grows ſo much the ſtronger by how much the ſwelling 
fleſh reduces the air into leſs room, as I have ſometimes tried, by applying a cupping- 
glaſs to quickſilver, or even to water, which will riſe in it but to a certain height. 

Bur though by this, or ſome ſuch explication, the argument urged by the ſchools in 
favour of the fuga vacui may be ſufficiently enervated; yet it ſuited better with the 
deſign of this treatiſe to propoſe ſome new experiment to illuſtrate our hypotheſis z and 
though it ſeemed to be far more difficult to do it in reference to cupping-glaſſes than 
to other ſubjects, yet J pitched upon two different ways of experimenting, whole ſucceſs 
not ci{:pp-iniing me, I ſhall now give your lordſhip an account of them. 

We too a glaſs of about one inch and a half in diameter, but a good deal longer 
than an ordinarily ſhaped cupping-glaſs of that breadth would have been, that there 
might be the more room for the flame to burn in it and rarefy the air; we alſo provided 
2 recciver [hap<d almoſt like a pear ; this receiver was open at both ends; at the 3 

whereo 
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whereof there was but a ſmall orifice, but at the obtuſe end there roſe up a ſhort neck, Plate VT. 
whoſe orifice was wide enough to admit with eaſe the newly mentioned cupping-glaſs, F 8.3˙ 
without touching the ſides of it, and we were not willing it ſhould be much larger, leſt 

it ſhould not be ſo exactly covered by the palm of the hand that ſhould be laid upon 

it, and left alſo the hand ſhould be broken or hurt by the too great weight of the atmo-- 

ſphere, when the included air ſhould be withdrawn from under it. 

Task things being thus prepared, and the ſmaller orifice of the receiver being faſt- 
ened with cement to the engine, I cauſed the cupping-zlaſs to be faſtened, with the 
mouth upwards, to the palm of the hand of a youth whom your lordſhip may remem- 
ber to have ſeen with me, whoſe hand ſeemed framed by nature for this experiment, 
being broad, ſtrong, and very plump; and having pulled the glaſs to try whether it 
ſtuck well on, I cauſed him to put it into the receiver and lay his hand ſo upon the 
orifice lately mentioned, that it might ſerve for a cover to it, and hinder any air from 
getting in between them. 

Tuna which we pretended was, that the receiver being but ſmall (that it might be 
quickly exhauſted, and fo not put the youth to a long pain) upon an exſuction or two 
made with the pump of the air about the cupping-glaſs, the remaining air ſhould have 
its preſſure ſo far weakened, as not to be able to ſupport the cupping-glaſs; eſpecially 
ſince if the air without the cupping-glaſs, but yet in the receiver, ſhould be more rare- 
fied by the removal of that which had been pumped out, than the air included in the 
cupping-glaſs was by the precedent heat, this laſt-mentioned air having a ſtronger ſpring 
(or tendency to expand itſelf) than the external air of the receiver, the glaſs muſt needs 
fall down, or rather be thruſt off, though, in caſe there had been no air at all left in the 
cavity of the cupping-glaſs, the air in the receiver would by its preſſure ſuſtain a far 

greater weight. | | 

Tux event of our trial agreed very well with our conjecture. For upon the firſt ſuck 
the cupping-glaſs fell off, the weight of the atmoſphere preſſing ſo hard upon the young 
man's hand, that, though he be more than ordinary ſtrong, he complained he could 
very hardly take it off the glaſs, it was almoſt thruſt into, and, a while after, that his 
hand was very fore : but this laſt inconvenience became not ſo quickly very ſenſible but 
that we had time to repeat our experiment by faſtening the cupping- glaſs more ſtrongly 
than before ; ſo that he complained that it drew in his hand very forcibly ; and though 
that part be not wont to be fleſhy, yet the tumour occaſioned by the cupping: glaſs was. 
manifeſt enough to the eye; but as before, ſo now, at the very firſt turning of the ſtop- 
cock, to let out the air of the receiver, the cupping-glaſs fell off. 


EXPERIMEN T XXXVI. 
About the making, without beat, a cupping-glaſs to lift up a great weight. 


Tux other experiment [I lately told your lordſhip we had made to illuſtrate our doc- 
trine about the cauſe of the ſticking of applied cupping-glafſes, was tried after the follow- 
ing manner. 

We took the braſs-hoop or ring, mentioned in the fifth and ſixth experiments, and 
covered it with a bladder, which was wetted to make it the more limber, and was ſo. 
tied on to it (which was eaſy to do) that the bottom of the bladder covered the upper 
orifice of the hoop, and was ſtretched, though not ſtrongly, upon it, almoſt like the 
membrane that makes the head of a drum; and the neck of the bladder was tied with a 
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EXPERIMEN.T XXXV. 


Shewing, that upon the preſſure of the air depends the flicking of cupping-glaſſes to the fleſoy 
parts they are applied te. 


IT is ſufficiently known, that if the air within a cupping-glaſs be rarefied by the flame 


of tow, flax, or the like, burned for a little while in it, and the glaſs be preſently clap- 
ed upon ſome fleſhy. part of a man's body, there will quickly enſue a painful and viſible 


ſwelling of the part covered by the cupping-glaſs. 

Ir is allo known that this experiment is wont tq be urged by the ſchools, as a clear 
proof of that abhorrence of a vacuum they aſcribe to nature; for, ſay they, the reaſon 
of this phenomenon is plainly, that the internal air of the cupping-glaſs, præternaturally 


rarefied by heat when the inſtrument is applied, that -heat after a while ceaſing, the ſuc- 


ceeding cold muſt again neceffarily condenſe the air; and ſo this contrafted air being 
no longer able to fill the whole ſpace it repleniſhed before, there would enſue a vacuum, 
if the fleſh covered by the cupping · glaſs, or adjoining to it, did not ſwell into the cavity 
of it, to fill the place deſerred by the air. | 

Tnosz moderns that aſſert the weight of the atmoſphere, do thence ingeniouſly endea- 
vour to deduce the phenomenon; and indeed, if to their hypotheſis about the air's 
weight the conſideration of its ſpring be added, it will be eaſy enough to explicate the phæ- 
nomenon, by ſaying, that when the cupping-glafs is firſt ſer on, though much of the air it 
formerly contained were a little before expelled by the heat, yet the ſame heat, increaſing 
the preſſure of the remaining air, -is the cauſe that the abſence of the air driven out of 
the glaſs does not immediately occaſion fo ſenſible a pain; but when that adventitious 
agitation of the included air ceaſes, that air having now (becauſe of the paucity of its 
corpuſcles) but a weak ſpring, can no longer preſs upon the part covered by the cupping- 
glaſs near ſo ſtrongly, as the outward air does by its weight preſs upon all the neigh- 
bouring parts of the fleſh; by which means, according to what we have more than once 
explicated already, ſome of the yielding fleſh or other body covered by the ſkin muſt 
be forcibly thruſt into the cavity of the cupping-glaſs, where there is leſs preſſure than at 
the outſide of it: and the fibres and membranous parts being thus violently ſtretched, 
there muſt needs follow a ſenſible pain as well as tumour ; which tumour yet does not 
fill up the cupping-glaſs, not only becauſe of the reſiſtance of the ſkin to be ſo far diſ- 
tended, but alſo, if the included air have not been much rarefied, becauſe of the ſpring 
of the impriſoned air, which grows ſo much the ſtronger by how much the ſwelling 
fleſh reduces the air into leſs room, as I have ſometimes tried, by applying a cupping- 
glaſs to quickſilver, or even to water, which will riſe in it but to a certain height. 

Bur though by this, or ſome ſuch explication, the argument urged by the ſchools in 
favour of the fuga vacui may be ſufficiently enervated; yet it ſuited better with the 
deſign of this treatiſe to propoſe ſome new experiment to illuſtrate our hy potheſis; and 
though it ſeemed to be far more difficult to do it in reference to cupping-glaſſes than 
to other ſubjects, yet I pitched upon two different ways of experimenting, whoſe ſucceſs 
not diſppœinting me, I ſhall now give your lordſhip an account of them. 

We tovk a glaſs of about one inch and a half in diameter, but a good deal longer 
than an ordinarily ſhaped cupping-glaſs of that breadth would have been, that there 
might be the more room for the lame to burn in it and rarefy the air; we alſo provided 
2 recciver ſhaped almoſt like a pear ; this receiver was open at both ends; at the wr dn 

whereo 
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whereof there was but a ſmall orifice, but at the obtuſe end there roſe up a ſhort neck, Plate VT. 
whoſe orifice was wide enough to admit with-eaſe the newly mentioned cupping-glaſs, F 18+ 3+ 
without touching the ſides of it, and we were not willing it ſhould be much larger, leſt 

it ſhould not be ſo exactly covered by the palm of the hand that ſhould be laid upon 

it, and left alſo the hand ſhould be broken or hurt by the too great weight of the atmo-- 

ſphere, when the included air ſhould be withdrawn from under it. 

Tnasst things being thus prepared, and the ſmaller orifice of the receiver being faſt-- 
ened with cement to the engine, I cauſed the cupping-zlaſs to be faſtened, with the 
mouth upwards, to the palm of the hand of a youth whom your lordſhip may remem- 
ber to have ſeen with me, whoſe hand ſeemed framed by nature for this experiment, 
being broad, ſtrong, and very plump; and having pulled the glaſs to try whether it 
ſtuck well on, I cauſed him to put it into the receiver and lay his hand ſo upon the 
orifice lately mentioned, that it might ſerve for a cover to it, and hinder any air from 
getting in between them. | 

Tnar which we pretended was, that the receiver being but ſmall (that it might be 
quickly exhauſted, and ſo not put the youth to a long pain) upon an exſuction or two 
made with the pump of the air about the cupping-glaſs, the remaining air ſhould have 
its preſſure ſo far weakened, as not to be able to ſupport the cupping-glaſs; eſpecially 
ſince if the air without the cupping-glaſs, but yet in the receiver, ſhould be more rare- 
fied by the removal of that which had been pumped out, than the air included in the 
cupping-glaſs was by the precedent heat, this laſt- mentioned air having a ſtronger ſpring 
(or tendency to expand itſelf) than the external air of the receiver, the glaſs muſt needs 
fall down, or rather be thruſt off, though, in caſe there had been no air at all left in the 
cavity of the cupping-glaſs, the air in the receiver would by its preſſure ſuſtain a far 
greater weight. 1 ä | 

Tux event of our trial agreed very well with our conjecture. For upon the firſt ſuck 
the cupping-glaſs fell off, the weight of the atmoſphere preſſing ſo hard upon the young 
man's hand, that, though he be more than ordinary ſtrong, he complained he could 
very hardly take it off the glaſs, it was almoſt thruſt into, and, a while after, that his 
hand was very fore : but this laſt inconvenience became not fo quickly very ſenſible but 
that we had time to repeat our experiment by faſtening the cupping: glaſs more ſtrongly 
than before; ſo that he complained that it drew in his hand very forcibly ; and though 
that part be not wont to be fleſhy, yet the tumour occaſioned by the cupping: glaſs was 
manifeſt enough to the eye; but as before, ſo now, at the very firſt turning ot the ſtop-- 
cock, to let out the air of the receiver, the cupping-glaſs fell off, 


EXPERIMEN T XXXVI. 
About the making, without beat, a cupping-glaſs to lift up a great weight, 


Tux other experiment I lately told your lordſhip we had made to illuſtrate our doc- 
trine about the cauſe of the ſticking of applied cupping-glaſſes, was tried after the ſollow- 
ing manner. | 
Wx took the braſs-hoop or ring, mentioned in the fifth and ſixth experiments, and. 
covered it with a bladder, which was wetted to make it the more limber, and was ſo 
tied on to it (which was eaſy to do) that the bottom of the bladder covered the upper 
orifice of the hoop, and was ſtretched, though not ſtrongly, upon it, almoit like the 
membrane that makes the head of a drum; and the neck of the bladder was tied with a 


Ring: 
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Pate VI. ſtring near the middle of the lower orifice of the hoop, and in this lower part of the bladder 
Fig. 4. we made two or three ſmall holes for the air to paſs in and out at; then having placed 
at the bottom of the often mentioned capped receiver a thick piece of wood that had a 
hole in it, to receive the neck of the bladder, we ſo placed the covered hoop upon this 
piece of wood, that the upper part of the bladder lay parallel to the horizon. This 
done, we ſuſpended, at the turning-key belonging to the cap of our receiver, a blind 
head, as chemiſts call it, of glaſs, which, for want of a true cupping-glaſs, we were fain 
to ſubſtitute, and which indeed was not very unlike one either for ſhape or ſize; and to 
the upper part of this glaſs we faſtened a large ring of metal, the better to depreſs it 
and make it lean ſtrongly on the bladder, | 
Tuxsz things being thus made ready, and the receiver cemented on to the engine, 
we did by the help of the turning-key let down the cupping-glaſs (for ſo we ſhall here- 
after call it) till it came almoſt to touch the level ſuperficies of the bladder; and when 
the receiver was as far exhauſted as we thought fit, but not near as far as it might have 
been, we let down the cupping-glaſs a little lower, ſo that it leaned upon the bladder, 
and touched it with all the parts of its orifice z ſo that the cupping-glaſs with the ſubja- 
cent bladder was become an internal receiver, if I may ſo call it, whoſe air was conſider- 
ably expanded, and conſequently weakened as to its ſpring. All this being done, we 
warily let the air into the receiver, and thereby the air that did ſurround the cupping- 
glaſs, which we juſt now called the internal receiver, having now a ſtronger preſſure 
than the air in the cupping-glaſs could reſiſt, the bladder, on which the cupping-glak 
reſted, was, as we looked for, thruſt up a pretty way into the cavity of the glaſs, in 
which it made a conſpicuous tumour, and was made to ſtick ſo cloſe to the orifice of it, 
that one would have thought that the bladder had been violently drawn in, as the ſkin 
is wont to be in the ordinary applications of cupping-glaſſes. 

Ap becauſe we took notice, that though this glaſs were not capacious, for it ſcarce 
held a pint of water, yet the orifice of it was not very narrow, being in diameter an 
inch and +, we thought fit in repeating the experiment to add ſomething that ſeemed 
odd enough, and was fit to manifeſt, that cupping-glaſſes may, without heat, by the 
bare preſſure of the external air, be more ſtrongly faſtened, than, for aught we know, 
they are by the help of flame : having then reiterated the former experiment with this 
only variation, that we exhauſted the receiver further than before, we took out the 
cupping-glaſs and the bladder, which together with the included braſs-hoop was hanging 
at it; and then having tied the glaſs to the hook of a good ſtatera, and tied a large 

Plate VI. ſcale to the neck of the bladder, we put in by degrees weights into the ſcale, till we had 

Fig 5- loaded it enough to force off the bladder from the glaſs; which happened not till the 
whole weight that tended to draw down the bladder amounted to 35 pounds, if not bet- 
ter, 0: ſixtcen ounces in the pound: nor did we doubt but that the preſſure of the atmo- 
ſphece would in our experiment have kept up a much greater weight, if we had, before 
we Jet in the outward air, diligently exhauſted the receiver, which we had purpoſely 
foren to do, for fear the too diſproportionate preſſure of the external air ſhould break 
th- Ha der; which puts me in mind of adding, upon the by, that as more weight was 
put nt. tne ſcale, the bladder (ſtretched more and more by the weight on one ſide, and 
the a:r on the other) appeared to ſwell higher in the cavity of the glaſs. 
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EXPERIMENT XXXVII 


Sbewing that bellows, whoſe noſe is very well ſtopped, will open of themſelves when the 
preſſure of the external air is taken off. 


IT is wont by the Peripateticks and others to be made a great argument for the "i 
fuga vacui which they attribute to nature, that if the noſe of a pair of bellows be well 1 
ſtopped, one cannot open them by raiſing the upper board from the lower. But of this 1 
another reaſon may be eaſily aſſigned, without determining whether there be a vacuum 
or no, namely, the weight and preſſure of the air; for when the noſe of a pair of bel- 
lows that are tight enough is well ſtopped, no air being able to inſinuate itſelf upon the 
disjoining of the boards into the cavity made by that disjunction, this cannot be effected, 
but by ſuch a force as is almoſt able (I ſay almoſt, becauſe ordinary bellows cannot be 
ſo well ſhut, but that there will remain ſome air in them whoſe ſpring will facilitate the 
opening of them) to raiſe an atmoſpherical pillar, whoſe baſis ſhall be the upper board, 
which is commonly ſo large that a leſs force may ſerve to break common bellows than 
to raiſe ſo great a weight; but if they were made ſtrong enough, and there were applied 
a ſufficient force to lift ſo great a weight as the newly mentioned pillar of the atmo- 
ſphere, the ſides might be disjoined, how cloſe and ſtanch ſoever the inſtrument were. 
made, 

THavs far one may argue upon the bare principle of the weight of the air, but taking 
in the ſpring of it too, I thought one might proceed ſo much further, that I ventured to 
foretel divers ingenious men, that if the preſſure of the ambient air were taken off, not 
only it would be eaſy to open the bellows in ſpite of their being carefully ſtopped at the 
noſe, but that they would fly open, as it were, of their own accord, without the appli- 
cation of any external force at all; and it was partly to juſtify this prediction, as 
well as to make a trial I thought more conſiderable, that we made the following expe- 
riment, | 

We cauſed, then, to be made a pair of bellows, differing from ordinary ones in theſe See Plate 
particulars. Firſt, that the boards were circular (and ſo without handles) and of about ns as 
ſix inches in diameter: 2. That there was no clack or valve: 3. That the noſe was 
but an inch long, or leſs, being to be lengthened, if occaſion required, with a pipe: 

4. That the leather, which was not ſpared, that the inſtrument might be the more 
capacious, was not horny or very ſtiff, but limber. The reaſon of the firſt and third 
diverſity was, that the bellows might be capable to be.conveyed into our receiver (for 
which purpoſe alſo, if there had appeared need, the noſe might have been made in the 
uppermoſt of the two boards); the reaſon of the ſecond variation was, that the inſtru- 
ment might be the more ſtanch; and of the fourth, that the baſes of the bellows might, 
as in organ-bellows, be clapped cloſer together, and harbour leſs air in the wrinkles and 
cavity: fo that when the bellows were opened to their full extent, by drawing up the 
upper balis at a button purpoſely made in the midſt of it, the bellows looked like a 
cylinder of ſixteen or eighteen inches high; upon which reſemblance I take the liberty to 
call both the boards, as geometricians do both the circular parts of a cylinder, baſes. 
Bur though theſe were made by an artificer, otherwiſe dexterous, yet it not being 
his trade to make bellows, nor any other man's in the town I then was in, he could not 
make them ſo tight, but that in ſpite of our oiling the leather and choaking the ſeams 
with good cement, there was ſome little and unperceived hole or cranny, whereby 

Vor. III. kts © Eid ſome 


— - * 
——  —— 


1 
& 4 REM.” f 
< a 0 = N — — 


— — 
< 
33 
7 —— 
1 * 1 


b 


- 
_ 8 5 — —_ — _ 
* A 2 ˙—— 4 — — * Cu a 4 _ » 4 
— — 933 - „ * 9 _ — 22 o * * * 
— CEO . — — 1 9 * N — ** —— - 4 — INTL 0 
_ -” 3 — — — — ad ' ” = — I - i Wy 2 ” a = = * 
T — = * 
» l « . . 2 1 P 5 8 * — - at 
* — 4 — — - — wy, wo > „ — - 
ö ” 4 = — aw 1 „ = - 
: —_— o ny $7.14 0 
. 2 * - 1 q * 6X . - - , _ — * 75 4 - - a 4 7 A 
. N g ; _ vt - : — 1 4* , 3 | dy 4 —— . 
2222 . 2 ˙ —x—x—x— — — 7 I. a... f f 3 ** — 1 
— of We Pl, a a 4 8 E . — w___— G + wo 
— - * 4 4 3 -» 8 * o 
ta » F os =? ky = » 7 — — - - * * > 4 
_—_— o a 8 - —— 0 1 a 
2 22 + — n ** 


»/ << any < 
- - . 


— 2 4 
— 
— 3 


** 
— 
_ _— 
- — — 
4 * » * 
a6 
—- 


— 1 


250 


New Experiments Phyſfico-mechanicai, 


ſome air had paſſage when the noſe was accurately ſtopped z but this was not ſo conſi- 
derable, but that if we drew up the upper baſis from the lower, the external air would 
on all ſides preſs the leather inwards, and fo make the ſhape of the inſtrument very far 
from being fo cylindrical as it would be if the noſe were left you. | | 
WrzREFORE,. concluding, that notwithſtanding this _ ection the bellows would 
ſerve, though not for both the experiments I defigned, yet for one of them, we carefully 
ſtopped the noſe, after we had approached the baſes to one another, and conveyi 
them into a large receiver, it quickly appeared, when the pump was ſet on work, that 
at every exſuction of the incumbent air, the air harboured in the folds of the leather, 
and the reft of the little cavity that could not but be left between the baſes, made the 
upper of thoſe baſes manifeſtly riſe, though its weight (becauſe of the thickneſs and 
ſolidity of the wood) would ſoon after depreſs it again, either by driving out ſome of the 
air at ſome place where the inſtrument was not ſufficiently tight, or by making it, as it 
were, ſtrained through the leather itſelf; and if the pump were agitated ſomewhat faſter 
than ordinary, the expanſion of the interna] air would be greater than could be rendered 
quite ineffectual by ſo ſmall a leak, and the upper part of the bellows would be ſoon 
raiſed to a conſiderable height, as would appear more evidently, if we haſtily let in the 
external air, upon whoſe ingreſs the baſes would be clapped together, and the upper of 
them a good way depreſſed : ſo that the imperfection of the bellows made the ri- 
ment rather more than leſs concluding; for ſince there was no external force applied to 
open them, if notwithſtanding that ſome of the included air could get out of them, yet 
the ſpring of the internal air was ſtrong enough to open the bellows, when the ambient 


air was withdrawn, much more would the effect have been produced, if the bellows had 
been perfectly ſtanch. 


EXPERIMENT XXXVIII. 


About an attempt to examine the motions and ſenſibility of the Carteſian Materia ſubtilis, or 
the Ether, with a pair of bellows made of a bladder, in the exhauſted receiver. 


I wiLL not now diſcuſs the controverſy betwixt ſome of the modern atomiſts and the 
Carteſians; the former of whom think, that betwixt the earth and the ſtars, and betwixt 
theſe themſelves, there are vaſt tracts of ſpace that are empty, ſave where the beams of 
ght do paſs through them; and the latter of whom tell us, that the intervals betwixt 
the ſtars and planets, among which the earth may perhaps be reckoned, ate perfectly 
filled, but by a matter far ſubtiler than our air, which ſome call celeſtial, and others 
#ther. I ſhall not, I ſay, engage in this controverſy ; but thus much ſeems evident, 
that if there be ſuch a celeſtial matter, it muſt make up far the greateſt part of the uni- 
verſe known to us. For the interſtellar part of the world, if I may ſo (tile it, bears fo 
very great a proportion to the globes, and their atmoſpheres too, if other ſtars have any, 
as well as the earth, that it is almoſt incomparably greater in reſpe& of them, than all 
our atmoſphere is in reſpect of the clouds, not to make the compariſon between the ſea 
and the fiſhes that ſwim in it. | 

WHEREPORE I thought it might very well deſerve a heedful inquiry, whether we 
ean by ſenſible experiments (for 1 hear what has been attempted by ſpeculative argu- 
ments) diſcover any thing about the exiſtence, or the qualifications of this fo vaſt æther; 
and I hoped our curiolity might be ſomewhat aſſiſted by our engine, if I could manage 


in it ſuch a pair of bellows as I deſigned: for I propoſed to myſelf to faſten a convenient 


weight 


touching the Spring of the Air. 


weight to the upper baſis, and elog the lower with another great enough to keep it 


horizontal and immoveable; that when by the help of the turning- key frequently above 
mentioned, the upper baſis ſhould be raiſed to its full height, the cavity of the bellows 
might be brought to its full dimenſions: this done, I intended to exhauſt the receiver, 
and conſequently the thus opened bellows, with more than ordinary diligence, that ſo both 
the receiver and they might be carefully freed from air : after which I purpoſed to let go 
the upper baſe of the bellows, that, being haſtily depreſſed by the incumbent weight, it 
might ſpeedily enough fall down to the lower baſis, and by ſo much, and fo quickly 
leſſening the cavity, might expel thence the matter (if any where) before contained in 
it, and that (if it could by this way be done) at the hole of a ſlender pipe faſtened either 
near the bottom of the bellows, or in the upper baſis ; againſt, or over the orifice, of 
which pipe there was to be placed at a convenient diſtance, either a feather, or (if that 
ſhould prove too light) the fail of a little windmill made of cards, or ſome other light 
body, and fit to be put into motion by the impulſe of any matter that ſhould be forced 
out of the pipe, 

By this means it ſeemed not improbable that ſome ſuch diſcovery might be made, as 
would not be altogether uſeleſs in our inquiry. For if, notwithſtanding the abſence of 
the air, it ſhould appear by the effects, that a ſtream of other matter capable to ſer 
viſible bodies a moving, ſhould iſſue out at the pipe of the compreſſed bellows, it would 
alſo appear that there may be a much ſubtiler body than common air, and as yet unob- 
ſerved by the vacuiſts, or (their adverſaries) the ſchools, that may even copiouſly be 
found in places deſerted by the air; and that it is not ſafe to conclude from the abſence 
of the air in our receivers, and in the upper part of thoſe tubes where the Torricellian 


experiment is made, that there is no other body left but an abſolute vacuity, or (as the 


atomiſts call it) a vacuum coacervaium. But if, on the other ſide, there ſhould appear 
no motion at all to be produced, fo much as in the feather, it ſeemed that the vacuiſts 
might plauſibly argue, that either the cavity of the bellows was abſolutely empty, or elle 
that it would be very difficult to prove by any ſenſible experiment that it was full; and 
if, by any other way of probation, it be demonſtrable that it was repleniſhed with æther, 
we, that have not yet declared for any party, may by our experiment be taught to have 
no confident expectations of eaſily making it ſenſible by mechanical experiments; and 
may alſo be informed, that it is really ſo ſubtle and yielding a matter that does not either 
eaſily impel ſuch light bodies as even feathers, or ſenſibly reſiſt, as does the air itſelf, the 
. motions of other bodies through it, and is able, without reſiſtance, to make its paſſage 

through the pores of wood and leather, and allo of cloſer bodies, which we find not that 
the air doth in its natural or wonted ſtate penetrate. , 

To illuſtrate this laſt clauſe, I ſhall add, that to make the trial more accurate, I waved 
the uſe of other bellows (eſpecially not having ſuch as 1 deſired) and cauſed a pair of 
ſmall bellows to be made with a bladder, as a body, which ſome of our former experi- 
ments have evinced to be of fo cloſe a texture, that air will rather break ic than pals 
through it; and that the bladder might no where loſe its entireneſs by ſeams, we glued 
an the two baſes, the one to the bottom and the other to the oppoſite part of it, ſo that 
the neck came out at a hole purpoſely made for it in the upper baſis ; and into the neck 
it was eaſy to inſert what pipe we thought fit, binding the neck very cloſe to it on the 
outſide, We had likewiſe thoughts to have another pair of tight bellows made with a 
very light clack in the lower baſis, that by haſtily drawing up the other baſis, when the 
receiver and bellows were very carefully exhauſted, we might ſee by the reſt, as the lift- 
ing up of the clack, whether the ſubtle m— that was expelled by the upper baſis 3p its 
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aſcent would, according to the modern doctrine of the circle made by moving bodies, 

be impelled up or not. 5 | 
Wer alſo thought of placing the little pipe of the bladder-bellows (if I may fo call 
them) beneath the ſurface of water exquiſitely freed from air, that we might ſee, whether 
upon the depreſſion of the bellows by the incumbent weight, when the receiver was care- 
fully exhauſted, there would be any thing expelled at the pipe that would produce 

bubbles in the liquor wherein its orifice was immerſed. | 

To bring now our conjectures to ſome trial, we put into a capped receiver the bladder 
accommodated as before is mentioned; and though we could have wiſhed it had been 
ſomewhat larger, becauſe it contained but between half a pint and a pint, yet in regard it 
was fine and limber, and otherwiſe fit for our turn, we reſolved to try how it would do; 
and to depreſs the upper baſis of theſe little bellows the more eaſily and uniformly, we 
covered the round piece of paſteboard that made the upper baſis with a pewter-plate 
(with a hole in it for the neck of the bladder) which nevertheleſs, upon trial, proved 
not ponderous enough, whereby we were obliged to aſſiſt it by laying on it a weight of 
lead. And to ſecure the above-mentioned feather (which had a lender and flexible ſtem, 
and was left broad at one end, and faſtened by cement at the other, ſo as to ſtand with 
its broad end at a convenient diſtance juſt over the orifice of the pipe) from being 
See Plate blown aſide to either hand, we made it to move in a perpendicular flit in a piece of 
VI. Fig 7: paſteboard that was faſtened to one part of the upper baſis, as that which the feather was 
glued to was to another part. Theſe things being thus provided, the pump was ſer 
a-work ; and as the ambient air was from time to time withdrawn, ſo the air in the 
bladder expanded itſelf ſo ſtrongly, as to lift up the metalline weight, and yet in part to 
ſally out at the little glaſs-pipe of our bellows, as appeared by its blowing up the fea- 
ther and keeping it ſuſpended till the ſpring of the air in the bladder was too far weak- 
ened to continue to do as it had done. In the mean time we did now and then, by the 
help of a ſtring faſtened to the turning-key and the upper baſis of the bellows, let down 
that baſis a little, to obſerve how upon its ſinking the blaſt againſt the feather would 
+ decreaſe as the receiver was further and further exhauſted : and when we judged it to 
be ſufficiently freed from air, we then let down the weight, but could not perceive that 
by ſhutting of the bellows, the feather was at all blown up, as it had been wont to be, 
though the upper baſis were more than uſually depreſſed : and yet it ſeems ſomewhat odd, 
that when, for curioſity, in order to a further trial, the weight was drawn up again, as 
the upper baſis was raiſed from the lower, the ſides of the bladder were ſenſibly (though 
not very much) preſſed, or drawn- inwards. The bellows being thus opened, we let 
down the upper baſis again, but could not perceive that any blaſt was produced; for 
though the feather that lay juſt over and near the orifice of the little gla's pipe had ſome 
motion, yet this ſeemed plainly to be but a ſhaking and almoſt vibrating motion (to the 

right and left hand) which it was put into by the upper baſis, which the ſtring kept 
from a ſmooth and uniform deſcent, but not to proceed from any blaſt iſſuing out of 
the cavity of the bladder: and for further ſatisfaction we cauſed ſome air to be let into 
the receiver, becauſe there was a poſſibility, that unawares to us the ſlender pipe 
. might by ſome accident be choaked; but though upon the return of the air into the 
receiver, the baſes of the bellows were preſt cloſer together, yet it ſeemed, that, accor- 
ding to our expectation, ſome little air got through the pipe into the cavity of the blad- 
der: for when we began to withdraw again the air we had let into the receiver, the 
bladder began to ſwell again, and upon our letting down the weight, to blow up and 
keep up the feather, as had been done before the receiver. had been fo well 3 
a : 5 2 | | I: 
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What conjecture the opening and ſhutting of our little bellows, more than once or 
twice, without producing any blaſt ſenſible by the railing. of the feather, gave ſome of 
the by-ſtanders, may be eaſily gueſſed by the preamble of this experiment; but whilſt I 
was endeavouring to proſecute it for my own farther information, a miſchance that befel 
the inſtrument kept me from giving myſelf the deſired ſatisfaction. 


EXPERIMEN T XXXIX. 
About a further attempt to proſecute the inquiry propoſed in the foregoing Experiment. 


Cons1DERING with myſelf, that by the help of ſome contrivances not difficult, a ſyringe 
might be made to ſerve, as far as our preſent occaſion required, inſtead of a pair of 
bellows; I thought it would not be improper to try a differing, and, in ſome regards, 
a better way to proſecute an attempt which ſeemed to me to deſerve our curioſity. 


I cavsED then to be made for the formerly mentioned ſyringe, inſtead of its ſtraight See plate 
pipe, a crooked one, whoſe ſhorter leg was parallel to the longer; and this pipe was VII. Fig. 
for greater cloſeneſs, after it was ſcrewed on carefully, faſtened with cement to the bar- ; 


rel; and becauſe the braſs- pipe could ſcarce be made ſmall enough, we cauſed. a ſhort 
and very ſlender pipe of glaſs to be put into the orifice of the ſhorter leg, and diligently 
faſtened to it with cloſe cement : then we cauſed the ſucker (by the help of oil, water, 
and moving it up and down) to be made to go as {moothly as might be, without lef-- 
ſening the ſtanchneſs of the ſyringe. After this there was faſtened to the handle of the 


rammer a weight, made in the form of a ring or hoop, which, by. reaſon of its figure, 


might be ſuſpended from the newly mentioned handle of the rammer, and hang looſe on 
the outſide of the cylinder, and which, both by its figure and its weight, might evenly 


and ſwiftly enough depreſs the ſucker, when that being drawn up the weight ſhould be 


let go. This ſyringe, thus furniſhed, was faſtened to a broad and heavy pedeſtal, to 


keep it in its vertical poſture, and. to hinder it from tottering, notwithſtanding the 
weight that clogged it. And beſides all theſe things, there was taken a feather which 


was about two inches long, and of which there was left at the end a piece about the 


breadth of a man's thumb-nail (the reſt on either ſide of the ſlender ſtalk, if I may ſo 


call it, being ſtript off) to cover the hole of the lender glaſs- pipe of the ſyringe ; for 


which purpoſe the other extreme of it was ſo faſtened with cement to the lower part of 


the ſyringe (or to its pedeſtal) that the broad end of the feather was placed (as the other 
eather was in the foregoing experiment) juſt over the little orifice of the glaſs, at ſuch 


a convenient diſtance, that when the ſucker. was a little (though but very little) drawn 
up and let go again, the weight would depreſs it faſt enough to blow up the broad 
part of the feather, as high as was permitted by the reſiſtance of the ſtalk (and that was 
a good way) the ſpring of which would preſently reſtore the whole feather to its former 


poſition. | 
+ . ALL theſe things being done, and the handle of the rammer being tied to the turning- 


key of a capped receiver, the ſyringe and its pedeſtal were incloſed in a capacious recet - 
ver (for none but ſuch an one could contain them, and give ſcope for the rammer's - 
motions) and the. pump being ſet on work, we did, after ſome quantity of air was 


drawn out, raiſe the ſucker a little by the help of. the turning-key, and then turning the 
lame key. the contrary. way, we ſuffered the weight to deprels the ſucker, that we might 
ſee at what rate the feather would be blown up; and finding that it was impelled forcibly 
enough, we cauſed the pumping to be ſo continued that. a pretty many pauſes were 


. 


253 


254 Mew Experiments Phyfico-mechanical, 


made, during each of which we raiſed and depreſſed the ſucker as before, and had the 
opportunity to obſerve, that as the receiver was more and more exhauſted of the air, 
fo the feather was leſs and leſs briſkly driven up, till at length, when the receiver was 
well emptied, the uſual elevations and depreſſions of the ſucker would not blow it up at 
all that I could perceive, though they were far more frequently repeated than ever be- 
fore; nor was I content to look heedfully myſelf, but I made one, whom I had often 
employed about pneumatical experiments, to watch attentively, whilſt I drew up and let 
down the ſucker ; but he affirmed that he could not diſcern the leaſt beginning of aſcen- 
ſion in the feather. - And indeed to bath of us it ſeemed that the little and inconſiderable 
motion that was ſometimes (not always) to be diſcerned in the feather, proceeded not 
from any thing that iſſued out of the pipe, but from ſome little ſhake, which it was 
difficult not to give the ſyringe and pedeſtal, by the railing and depreſſing of the 
ſucker, | | 

AD that which made our phenomenon the more conſiderable was, that the weight 
that carried down the fucker being ſtill the fame, and the motions of the turning-key 
being eaſy to be made equal at ſeveral times, there ſeemed no reaſon to ſuſpect that 
contingencies did much (if at all) favour the ſucceſs ; but there happened a thing which 
did manifeſtly enough disfavour it. For I remember, that before the ſyringe was put 
into the receiver, when we were trying how the weight would depreſs it, and it was 
thought, that though the weight were conveniently ſhaped, yet it was a little of the 
leaſt, I would not alter it, but foretold, that when the air in the cavity of the ſyringe 
(that now reſiſted the quickneſs of its deſcent, becauſe ſo much air could not eaſily and 
nimbly get out at ſo ſmall. a pipe) ſhould be exhauſted with the other air of the receiver, 
the elevated ſucker would fall down more eaſily, which he that was employed to manage 
the fyringe whilſt I watched the feather, affirmed himſelf afterwards to obſerve very evi- 
dently : ſo that when the receiver was exhauſted, if there had been in the cavity of the 
ſyringe a matter as fic as air to make a wind of, the blaſt ought to have been greater, 
becauſe the celerity that the ſucker was depreſſed with was ſo. 

AFTER we had long enough tried in vain to raiſe the feather, I ordered ſome air to 
be let into the receiver; and though when the admitted air was but very little, the mo- 
tions of the ſucker had ſcarce, if at all, any ſenſible operation upon the feather, yet when 
the quantity of air _— to. be ſomewhat conſiderable, the feather began to be a little 

moved upwards, and ſo by letting in air not all at once, but more and more from time 
to time, and by moving the ſucker up and down in the intervals of thoſe times of ad- 
miſſion, we had the opportunity to obſerve, that as the receiver had more air in it, the 
feather would be more briſkly blown up. 2 

Bur not content with a ſingle trial of an experiment of this conſequence, we cauſed 
the receiver to be again exhauſted, and proſecuted the trial with the like ſucceſs as be- 
fore, only this one circumſtance that we added, for confirmation, may be fit to be here 
taken notice of. Having, after the receiver was exhauſted, drawn up and let fall the 
ſucker divers times ineffectually, though hitherto we had not uſually raiſed it any higher 
at a time, than we could by one turn of the hand, both becauſe we could not fo conve- 
niently raiſe it higher by the hand alone, and becauſe we thought it unneceſſary, fince 
that height ſufficed to make the air briſkly toſs up the feather ; yet ex abundanti we now 
took an inſtrument that was pretty long, and fir ſo to take hold on the turning-key, 
that we could eaſily raiſe the ſucker between two and three inches, by our eſtimate, at 4 
time, and nimbly depreſs it again; and for all this, which would much have increaſed 
the blaſt, if there had been a matter fit for it in the cavity of the ſyringe, we cauld not 
ſenſibly blow up the feather till we had let a little air into the receiver. To 
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To be able to make an eſtimate of the quantity of air pumped out, or let in, when 
che feather was ſtrongly or faintly, or not at all raiſed by the fall of the ſucker, we took 
off the receiver, and conveyed a gage into it, but though for a while we made ſome 
uſe of our gage, yet a miſchance befalling it before the operation was quite ended, I 
ſhall forbear to add any thing concerning that trial, and proceed to ſay ſomething of an- 
other attempt, wherein, though I foreſaw and met with ſuch difficulties, as kept me 
from doing altogether what I deſited, yet the ſucceſs being almoſt as good as could be 
expected, I ſhall venture to acquaint your lordſhip with the trial, which was this. 

IxsT EAD of the hitherto employed pipe of brafs,. there was well faſtened, with ce- See Plate 
ment, to the ſyringe,. a pipe of glaſs, whoſe figure differed from that of the other in this VII. Fig. 
particular, that the ſhorter or remoter leg of our new pipe, after it had for a while bens. 
carried parallel to the other leg, was bent off ſo, that above an inch and a half of it 
tended downwards, that the orifice of it might be immerſed into water contained in a 
ſmall open jar: the deſign of which contrivance was, that when the receiver. ſhould be 
well exhauſted, we might, according to what I told your lordſhip was at firſt deſigned, . 
try whether by. the raiſing and de pre ſſing of the ſucker any ſuch matter would be driven 
out at the noſe of the pipe, as would produce bubbles in the incumbent water, which 
air (though highly raretied, perhaps to ſome hundreds of times beyond its wonted di- 
menſions) is capable ot doing: and I chooſe to employ rather water than quickſilver, be- 
cauſe,. though by uſing the latter, I might hope to be leſs troubled with bubbles, yet 
the ponderouſneſs and opacity of it ſeemed to outweigh that convenience. 

I NeeD not tell your lordſhip, that in other reſpects this experiment was made like the 
former; ſo that I ſhall mention only its peculiarities, which were, that as the air was 

| pumped out of the receiver, that in the glaſs- pipe made its way through the water in 
bubbles; and a little air having once by a ſmall leak got in, and forced ſome of the 
water out of the jar into the pipe, when the receiver was again well emptied, both that 
water, and even the little quantity of ſtagnant water that was contained in the immerſed! 
part of the pipe, produced ſo many bubbles of ſeveral ſizes, as quite diſturbed our ob- 
ſervations. Wherefore we let alone the receiver, exhauſted as it was, for ſix or ſeven 
hours, to give the water time to be freed from air; and then cauſing what air might have 
ſtolen in to be again pumped out, till we had perceived by the gage that the receiver 
was well exhauſted, we cauſed the ſucker of the ſyringe to be raiſed and depreſſed divers 
times; and though even then a bubble would now and then make our obſervations trou- 
bleſome and leſs certain, yet it ſeemed to us, that when we were not thus confounded, 
we ſometimes obſerved that the elevation and fall of the ſucker, though reiterated, did 
not drive out at the pipe any thing that made any diſcernible bubbles in the incumbent 
water; for though there would appear now and then ſome ſmall bubbles on the iurface - 
of the water, yet I could not perceive that the matter that made them iſſued out at the 
pipe; and ſome of them manifeſtly proceeded from atrial particles, till then lurking in 
the water, as 1 concluded from the place and time of their riſing. But this non eruption 
of bubbles at the noſe of the pipe was not that which gave me the moſt ſatistaction; for 
at length both I and another had the opportunity to obſerve the water in the. immerſed 
part of the pipe, which was very ſlender, to be about an inch higher than the reſt of the 
ſtagnant water, and to continue at that height or place in the pipe, though the ſucker 
were divers-times together raiſed and depreſſed, by gueſs, between two and three inches 
at a time; which ſeemed to argue either that there was a vacuum in the cavity of the 
ſyringe, or elſe, that if it were full of æther, that body was ſo ſubtle. that the impulle - 
it received from the falling ſucker. would not make it diſplace a very little thread (per- 
haps not. exceeding, a grain in weight) of water. that was in the ſlender pipe, though it: 


appeared 
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appeared by the bubbles, that ſometimes diſcloſed themſelves in the water, after the 
receiver had been exhauſted, that far more water would be diſplaced and carried up by / 
a ſmall bubble, conſiſting of ſuch rarefied air, that according to my eſtimate, the aerial 
particles of it did not, before the pump was begun to be ſet on work, take up in the 
water a five-hundredth part of the quantity of a pin's head. 

BuT whilſt we were conſidering what to do further in our trial, a little air that ſtrained 
in at ſome ſmall undiſcoverable leak, drove the water into the emptied part of the pipe, 
and put an end for that time to our trial, which had been too toilſome to invite-us then 
to reiterate it, | | 

I Hap indeed thoughts of proſecuting the inquiry by dropping from the top of the 
exhauſted receiver light bodies conveniently ſhaped, to be turned round or otherwiſe put 
out of their ſimpleſt motion of deſcent, if they met with any reſiſtance in their fall; and 


by making ſuch bodies move horizontally and otherwiſe in the receiver, as would pro- 


bably diſcover whether they were aſſiſted by the medium. And other contrivances and 
ways | had in my thoughts, whereby to proſecute our enquiry ; but wanting time for 
other experiments, I could not ſpare ſo much as was neceſſary to exhauſt large receivers 
ſo diligently as ſuch nice trials would exact; and therefore I reſolved to deſiſt till I had 
more leiſure than I then had, or have ſince been maſter of. | 

In the interim, thus much we ſeem to have already diſcovered by our paſt trials, that 
if when our veſlels are very diligently freed from air, they are full of æther, that æther 
is ſuch a body as will not be made ſenſibly to move a light feather by ſuch an impulſe 
as would make the air manifeſtly move it, not only whilſt it is no thinner than com- 
mon air, but when it is very highly rarefied (which, if I miſtake not, it was in our ex- 
periment ſo much, as to be brought to take up above an hundred times more room than 
before). 

Ap one thing more we gained by the trial made with water, namely, a clear con- 
firmation of what I have delivered in the 34th experiment, about the cauſe of the ſuction 
that is made by ſyringes; for your lordſhip may remember, that at the clole of the ex- 
periment we have all this while been reciting, I obſerved, that when the external air 
was ſo very well withdrawn, the pulling up of the ſucker would not make the ſtagnant 
water that the pipe of the ſyringe was immerſed in, to aſcend one inch, or ſo much as 


the tenth part of it, 


EXPERIMENT XL. 


About the falling, in the exhauſted receiver, of a light body, fitted to have its motion viſibly 
| varied by a ſmall reſiſtance of the air. 


ParTLy to try, whether in the ſpace deſerted by the air, drawn out of our receivers, 
there would be any thing more fit to reſiſt the motion of other light bodies through it, 
than in the former experiment we found it to impel them into motion; and partly for 
another purpoſe to be mentioned by and by, we made the following trials. | 

Wr took a receiver, which, though leſs tall than we would have had, was the longeſt 
we could procure z and that we might be able, not fo properly to let down as to let fall 


a body in it, we ſo faſtened a ſmall pair of robacco-iongs to the inſide of the receiver's 


braſs-cover, that by moving the turning-key we might, by a ſtring tied to one part of 
them, open the tongs, which elſe their own ſpring would keep ſhut, This being done, 


the next thing was to provide a body which would not fall down like a ſtone, or —_— 
9 ea 


touching the Spring of the Air. 


dead weight through the air, but would; in the manner of its deſcent, ſhew, that its | 

motion was ſomewhar: reſiſted by the air; wherefore, that we might have a body that 112108 
would be turned about horizontally, as it were, in its fall, we thought fit to Join croſs- | 9 
wiſe four broad and light feathers (each about an inch long) at their quills with a little ii 
cement, into which we alſo ſtuck perpendicularly a ſmall label of paper, about an 8th | il 


of an inch in breadth, and ſomewhat more in height, by which the rongs might take UM 
hold of our light inſtrument without touching the cement, which elſe might ſtick to 1 li 
them. If! 

By the help of this ſmall piece of paper the little inſtrument, of which it made a See Plate = \| 
part, was ſo taken hold of by the tongs, that it hung as horizontal as ſuch a thing could II. Fig. Will 
well be placed; and then the receiver being cemented on to the engine, the pump was + $3 

diligently plied, till ic appeared by a gage which had been conveyed in, that the receiver 18 
had been carefully exhauſted; laſtly, our eyes being attentively fixed upon the connected 4 | | 
feathers, the tongs were by the help of the turning-key opened, and the little inſtrument | | j 
let fall, which, though in the air it had made ſome turns in its deſcent from the ſame 1 
height which it now fell from, yet now it deſcended like a dead weight, without being 

perceived by any of us to make ſo much as one turn, or a part of it: notwithſtanding 
which I did, for greater ſecurity, cauſe the receiver to be taken off and put on again, 
after the feathers were taken hold of by the tongs; whence being let fall in the receiver 
unexhauſted, they made] ſome turns in their deſcent, 2s they alſo did being a ſecond 
time let fall after the ſame manner. 

But when after this, the feathers being placed as before, we repeated the experiment 
by carefully pumping out the air, neither I nor any of the by-ſtanders could perceive any 
thing of turning in the deſcent of the feathers; and yet for further ſecurity we let them 
fall twice more in the unexhauſted receiver, and found them to turn in falling as before 

whereas when we did a third time let them fall in the well exhauſted receiver, they fell 
after the ſame manner as they had done formerly, when the air, that would by its re- 
ſiſtance have turned them round, was removed out of their way. 

N. B. 1. Trovcn, as I intimated above, the glaſs wherein this experiment was 
made, were nothing near ſo tall as I would have had it, yet it w:s taller than any of our 
ordinary receivers, it being in height about 22 inches. 

2. Oxz that had more leiſure and conveniency might have made a more commodious 

inſtrument than that we made uſe of; for being accidentally viſited by that ſagacious ma- 
thematician Dr. MVren, and ſpeaking to him of this matter, he was pleaſed with great 
dexterity as well as readineſs to make me a little inſtrument of paper, on which, when 
it was let fall, the reſiſtance of the air had ſo manifeſt an operation, that I ſhould have 
made uſe of it in our experiment, had it not been caſually loſt when the ingenious maker 
was gone out of theſe parts. 
3. THovucnT have but briefly related our having ſo ordered the matter that we could 
conveniently let fall a body in the receiver when very well exhauſted ; yet, to contrive 
and put in practice what was neceſſary to perform this, was not ſo very caſy, and it 
would be difficult to deſcribe it circumſtantially without very many words; for which rea- 
lon I forbear an account that would prove too tedious to us both. 

4. WHAT has been hitherto related was done in proſecution of but one of the two 
deſigns I aimed at in the foregoing contrivance, by which I intended, if I could have 
procured a receiver tall enough, to try whether bodies (ſome very light, and ſome hea- 
vier) being let fall, when the air was very diligently pumped out, would not deſcend 
lomewhat faſter than if the receiver were full of ait: but though I had provided a pendu- 


lum that vibrated quarters of ſeconds, yet the glaſs being no higher than it was, the 
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appeared by the bubbles, that ſometimes diſcloſed themſelves in the water, after the 
receiver had been exhauſted, that far more water would be diſplaced and carried up by 
a ſmall bubble, conſiſting of ſuch rarefied air, that according to my eſtimate, the aerial 
particles of it did not, before the pump was begun to be ſet on work, take up in the 
water a five-hundredth part of the quantity of a pin's head. 

Bur whilſt we were conſidering what to do further in our trial, a little air that ſtrained 
in at ſome ſmall undiſcoverable leak, drove the water into the emptied part of the pipe, 
and put an end for that time to our trial, which had been too toilſome to invite-us then 
to reiterate it. | 

I rap indeed thoughts of proſecuting the inquiry by dropping from the top of the 
exhauſted receiver light bodies conveniently ſhaped, to be turned round or otherwiſe put 
out of their ſimpleſt motion of deſcent, if they met with any reſiſtance in their fall; and 


by making ſuch bodies move horizontally and otherwiſe in the receiver, as would pro- 


bably diſcover whether they were aſſiſted by the medium. And other contrivances and 
ways | had in my thoughts, whereby to proſecute our enquiry ; but wanting time for 
other experiments, I could not ſpare ſo much as was neceſſary to exhauſt large receivers 
ſo diligently as ſuch nice trials would exact; and therefore I reſolved to deſiſt till I had 
more leiſure than I then had, or have ſince been maſter of. | 

In the interim, thus much we ſeem to have already diſcovered by our palt trials, that 
if when our veſſels are very diligently freed from air, they are full of ether, that æther 
is ſuch a body as will not be made ſenſibly to move a light feather by ſuch an impulſe 
as would make the air manifeſtly move it, not only whilſt it is no thinner than com- 
mon air, but when it is very highly rarefied (which, if I miſtake not, it was in our ex- 
periment ſo much, as to be brought to take up above an hundred times more room than 
before). 

Anp one thing more we gained by the trial made with water, namely, a clear con- 
firmation of what I have delivered in the 34th experiment, about the cauſe of the ſuction 
that is made by ſyringes ; for your lordſhip may remember, that at the clole of the ex- 
periment we have all this while been reciting, I obſerved, that when the external air 
was ſo very well withdrawn, the pulling up of the fucker would not make the ſtagnant 
water that the pipe of the ſyringe was immerſed in, to aſcend one inch, or ſo much as 
the tenth part of it. | | 


EXPERIMENT XL. 


About the falling, in the exhauſted receiver, of a light body, fitted to have its motion viſibly 
varied by à ſmall reſiſtance of the air. 


ParTLy to try, whether in the ſpace deſerted by the air, drawn out of our receivers, 
there would be any thing more fit to reſiſt the motion of other light bodies through it, 
than in the former experiment we found it to impel them into motion; and partly for 
another purpoſe to be mentioned by and by, we made the following trials. 

W᷑ took a receiver, which, though leſs tall than we would have had, was the longeſt 
we could procure ; and that we might be able, not fo properly to let down as to let fall 
a body in it, we ſo faſtened a ſmall pair of tobacco-iongs to the inſide of the receiver's 
braſs-cover, that by moving the turning-key we might, by a ſtring tied to one part of 
them, open the tongs, which elſe their own ſpring would keep ſhut. This being done, 


the next thing was to provide a body which would not fall down like a ſtone, or 1 
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dead weight through the air, but would; in the manner of its deſcent, ſhew, that its 
motion was ſomewhat reſiſted by the air; wherefore, that we might have a body that 
would be turned about horizontally, as it were, in its fall, we thought fit to Join croſs- 
wiſe four broad and light feathers (each about an inch long) at their quills with a little 
cement, into which we alſo ſtuck perpendicularly a ſmall label of paper, about an &th 
of an inch in breadth, and ſomewhat more in height, by which the tongs might take 
hold of our light inſtrument without touching the cement, which elſe might ſtick to 
them. 

By the help of this ſmall piece of paper the little inſtrument, of which it made a See Plate 
part, was ſo taken hold of by the tongs, that it hung as horizontal as ſuch a thing could VII. Fig. 
well be placed ; and then the receiver being cemented on to the engine, the pump was ++ 
diligently plied, till it appeared by a gage which had been conveyed in, that the receiver 
had been carefully exhauſted ; laſtly, our eyes being attentively fixed upon the connected 
feathers, the tongs were by the help of the turning-key opened, and the little inſtrument 
let fall, which, though in the air it had made ſome turns in its deſcent from the ſame 
height which it now fell from, yet now it deſcended like a dead weight, without being 
perceived by any of us to make ſo much as one turn, or a part of it: notwithſtanding 
which I did, for greater ſecurity, cauſe the receiver to be taken off and put on again, 
after the feathers were taken hold of by the tongs ; whence being let fall in the receiver 
unexhauſted, they made ſome turns in their deſcent, 2s they alſo did being a ſecond 
time let fall after the ſame manner. 

But when after this, the feathers being placed as before, we repeated the experiment 
by carefully pumping out the air, neither I nor any of the by-ſtanders could perceive any 
thing of turning in the deſcent of the feathers; and yet for further ſecurity we let them 
fall twice more in the unexhauſted receiver, and found them to turn in falling as before; 
whereas when we did a third time let them fall in the well exhauſted receiver, they fell 
after the ſame manner as they had done formerly, when the air, that would by its re- 
ſiſtance have turned them round, was removed out of their way. 

N. B. 1. Trovcn, as I intimated above, the glaſs wherein this experiment was 
made, were nothing near ſo tall as I would have had it, yet it w:s taller than any of our 
ordinary receivers, it being in height about 22 inches. 

2. Ons that had more leiſure and conveniency might have made a more commodious 
inſtrument than that we made uſe of; for being accidentally viſited by that ſagacious ma- 
thematician Dr. ren, and ſpeaking to him of this matter, he was pleaſed with great 
dexterity as well as readineſs to make me a little inſtrument of -paper, on which, when 
it was let fall, the reſiſtance of the air had ſo manifeſt an operation, that I ſhould have 
made uſe of it in our experiment, had it not been caſually loſt when the ingenious maker 
was gone out of theſe parts. 

3. Touch I have but briefly related our having ſo ordered the matter that we could 
conveniently let fall a body in the receiver when very well exhauſted ; yer, to contrive 
and put in practice what was neceſſary to perform this, was not ſo very caty, and it 
would be difficult to deſcribe it circumſtantially without'very many words; for which rea- 
lon I forbear an account that would prove too tedious to us both. 

4+ WHAT has been hitherto related was done in proſecution of bur one of the two 
deſigns I aimed at in the foregoing contrivance, by which I intended, if I could have 
procured a receiver tall enough, to try whether bodies (ſome very light, and ſome hea- 
_ being let fall, when the air was very diligently pumped out, would not deſcend 


omewhat faſter than if the receiver were full of air : but though I had provided a pendu- 


* N quarters of ſeconds, yet 23 being no higher than it was, the 
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deſcent even of our feathers took up ſo little time, that even this pendulum was of no uſe; only 
it ſeemed to all of us that were preſent at making the above recited trials, that when the 
feathers were let fall at ſuch times as the air that would have turned them round in their 
deſcent was removed, they came to the bottom fenſibly ſooner than at other times. 
But when we ſhall have opportunity to repeat the experiment in taller glaſſes, and to 
make ſome variation of it, I hope to be able to give your lordſhip a fuller ſatisfaction 
about this particular. And in the mean while I ſhall forbear to examine whether the air 
might ſomewhat retard the deſcent of the feathers upon ſome other account, or merely 


upon that of its being a medium not quite devoid of gravity. 
ANNOTATION S. 


1. Bur here I muſt be ſo ſincere as to inform your lordſhip, that this fortieth experi- 
ment ſeemed not to prove ſo much as did the foregoing made with the ſyringe; for 
being ſuſpicious, that, to make the feathered body above mentioned turn in its fall, 
there would need a reſiſtance not altogether inconſiderable, I cauſed the experiment to 
be repeated, when the receiver was, by our eſtimate, little or nothing more than half 
exhauſted, and yet the remaining air was too far rarefied to make the falling body ma- 
niteſtly turn. 

2. AND yet perchance it would have happened otherwiſe, if the receiver had been tall 
enough; which, though I had not then leiſure and conveniency to make it, yet it wilt 
not be amiſs to let your lordſhip know by what means we did, that it might be ſomewhat 
fit to make the recited experiment and ſome others, bring it to the height it had, which 
did conſiderably exceed that of the talleſt glaſs we could then procure: 

To lengthen our receiver, therefore, we thought fit to try, whether we could not cloſe 
enough faſten to the bottom of it with very good cement a cylindrical pipe of latten whoſe 
upper orifice ſhould have near the ſame breadth with the bottom of the glaſs : and though 
this contrivance ſeemed liable to a couple of not mean difficulties; the one, that the 
Jatten being every where bended, and in ſome places neceſſary to be ſoddered, it would 
be very hard, as indeed we found it, to avoid fome ſmall cracks and leaks ; and the 
other, that if the metalline pipe were wide enough, fo great and heavy a pillar of the 
atmoſphere would come to bear againſt it as to preſs it inwards, if not alſo to break 
it; yet we hoped we ſhould be able to obviate both of theſe inconveniencies. Againſt 
the firſt of which our remedy was, to coat over very carefully the whole pipe with the 
ſame cloſe cement wherewith we. faſtened it to the glaſs receiver: and againſt the ſecond, 
we provided a little frame, confiſting of divers ſmall iron bars faſtened together; which 
frame (though it were not too wide to go into the cylinder of latten, yet it) was wide 
enough to be ſo near it on the inſide, that (though the weight of the atmoſphere ſhould, 
as we feared, preſs the latten ſo as to make it yield inward, yet) it could make it bend 
no further than the iron-frame would permit; which was not far enough to ſpoil either 
the receiver or the experiment: and this not unpleaſant phænomenon would ſomewhat 
ſurprize unaccuſtomed ſpectators, that when after the receiver had been very well ex- 
hauſted, the external air was permitted to return, there would be heard during ſome 
time, from the metalline part of the receiver, divers ſounds briſk enough, which would 
make an odd cracking noiſe proceeding from the latten-plate, which having been forcibly, 
though but lowly, bent inwards by the predominant preſſure of the atmoſphere, was now 
aſſiſted by the preſſure of the returning air to regain its former figure : and as I thought 
not fit to omit this circumſtance, becauſe it confirms the practicableneſs of the remedy 


propoſed againſt the ſecond inconvenience z ſo J thought fit to mention this way od en- 
rging 
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larging and heightening receivers, becauſe what we have related ſeems to give grounds 
of hoping that this contrivance may be made good uſe of in divers other trials, and 
particularly in attempts to make receivers capacious enough to contain larger animals, 
and perhaps even a boy or a man. In order to ſome of which purpoſes we endeavoured 
to get an improvement made of our metalline cylinder by additional contrivances; but 
could not, where we then were, get artificers that would perform what was directed. 


EXPERIMENT XLI. 
About the propagation of ſounds in the exhauſted receiver. 


To make ſome further obſervation than is mentioned in the * publiſhed experi- 
ments, about the production and conveying of ſounds in a glaſs whence the air is drawn 
out, we employed a contrivance, of which, becauſe we make uſe of it in divers other 
experiments, it will be requiſite to give your lordſhip here ſome ſhort deſcription, 

We cauſed to be made at the turner's a cylinder of box, or the like cloſe and firm 

wood, and of a length ſuitable to that of the receiver it was to be employed in. Out 8e plate 
of the lower baſis of this cylinder (which might be about an inch and a half in diameter) yv11l.Fig. 
there came a ſmaller cylinder or axle-tree, not a quarter ſo thick as the other, and leſs t. 
than an inch long ; this was turned very true, that it might move to and fro; or, as 
the tradeſmen call it, ride very ſmoothly in a little ferrule or ring of brais, that was 
by the ſame turner made for it in the midſt of the fixed trencher (as we call a piece of 
ſolid wood, ſhaped like a mill-ſtone) being four or five inches, more or leſs (according 
to the wideneſs of the receiver) in breadth, and between one and two in thickneſs; and 
in a large and round groove or gutter, purpoſely made in the lower part of this trencher, 
I cauſed as much lead as would fill it up to be placed and faſtened, that it might keep 
the trencher from being eaſily moved out of its place or poſture, and in the upper part 
of this trencher it was intended that holes ſhould be made at ſuch places as ſhould be 
thought fir, to place bodies at ſeveral diſtances as occaſion ſhould require. The upper 
baſis of the cylinder had alſo coming out of the midſt of it another axle-tree, but wider 
than the former, that, into a cavity made in it, it might receive the lower end of the 
turning-key divers times already mentioned, to which it was to be faſtened by a lender 
peg of braſs thruſt through two correſpondent holes, the one made in the key, and the 
other in the newly- mentioned ſocket (if I may fo call it) of the axle-tree. Beſides all 
which, there were divers horizontal perforations bored here and there in the pillar itſelf, 
to which this axis belonged, which pillar we ſhall, to avoid ambiguity, call the vertical 
cylinder. The general uſe of this contrivance (whoſe other parts need not to be men- 
tioned before the experiments where they are employed) is, that the end of the turning- 
key being put into the ſocket, and] the lower axis of the vertical cylinder into the 
trencher, by the motion of the key a body faſtened at one of the holes to the cylinder 
may be approached to, or removed from, or made to rub or ſtrike againſt another body 
faſtened in a coavenient poſture to the upper part of the trencher. 

To come now to our trial about founds, we cauſed a hand-bell (whole handle and See the 


clapper were taken away) to be faftened to a ſtrong wire, that, one end of the wire being fate 1 


| : -feried 
made faſt in the trencher, the other end, which was purpoleiy bent downwards, took 0 


hold of the bell. In another hole made in the circumference of the ſame trencher was 
* Page 10;, 106, 
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wedged in (with a wooden peg) a ſteel-ſpring, to whoſe upper part was tied a gad of 
iron or ſteel, leſs than an inch long, but of a pretty thickneſs. The length of this ſpring 
| was ſuch, as to make the upper part of the hammer (if I may ſo call the piece of iron) 
of the ſame height with the bell, and the diſtance of the ſpring from rhe bell was ſuch, 
that when it was forced back the other way, it might at its return make the hammer 
ſtrike briſkly upon the outſide of the bell. | 
Tux trencher being thus furniſhed and placed in a capped receiver (as you know, 
for brevity ſake, we uſe to call one that is fitted with one or other of the braſs covers, 
often mentioned already) the air was diligencly pumped out; and then, by the help of 
| the turning-key, the vertical cylinder was made to go round, by which means as often 
: as either of a couple of ſtiff wires or ſmall pegs that were faſtened at Tight angles into 
; | holes, made not far from the bottom of the cylinder, paſſed (under the bell, and) by 
U the lately mentioned ſpring, they forcibly did in their paſſage bend it from the bell, by 
| which means, as ſoon as the wire was gone D's and the ſpring ceaſed to be preſſed, it 
would fly back with violence enough to make the hammer give a ſmart ſtroke upon 


| the bell : and by this means we could both continue the experiment at diſcretion, and 
N 8 the percuſſions more equally ſtrong, than it would otherwiſe have been eaſy to 
f 0. | 

| Tux event of our trial was, that, when the receiver was well emptied, it fometimes 
a ſeemed doubtful, eſpecially to ſome of the by- ſtanders, whether any ſound were produced 
or no; but to me, for the moſt part, it ſeemed, that after much attention I heard a 
| ſound, that I could but juſt hear; and yet, which is odd, methought it had ſomewhat 


of the nature of ſhrilneſs in it, but ſeemed (which is not ſtrange) to come from a good 
way off, Whether the often turning of the cylindrical key kept the receiver from being 
ſo ſtanch as elſe it would have been, upon which ſcore ſome little air might inſinuate 
itſelf, I ſhall not poſitively determine; but to diſcover what intereſt the preſence or the 
| abſence of the air might have in the loudneſs or lowneſs of the ſound, I cauſed the air 
! to be let into the receiver, not all at once, but at ſeveral times, with competent inter- 
i vals between them ; by which expedient it was eaſy to obſerve, that the vertical cylinder 
being ſtill made to go round, when a little air was let in, the ſtroke of the hammer 
upon the bell (that before could now and then not be heard, and for the moſt part be 
| but very ſcarcely heard) began to be eaſily heard ; and when a little more air was let 
[ in, the ſound grew more and more audible, and ſo increaſed, until the receiver was again 
| repleniſhed with air; though even then (that we omit not that phænomenon) the ſound 
was obſerved to be much leſs loud than when the receiver was not interpoſed between the 
bell and the ear. | 
AnxD whereas in the already publiſhed phy ſico-mechanical experiments, I acquainted 
your lordſhip with what I obſerved about the ſound of an ordinary watch in the exhauſted 
receiver, I ſhall now add, that that experiment was repeated not long ſince, with the 
addition of ſuſpending in the receiver a watch with a good alarum, which was purpoſely 
ſo ſet, that it might, before it ſhould begin to ring, give us time to cement on the re- 
ceiver very carefully, exhauſt it very diligently, and ſettle ourſelves in a filent and at- 
| tentive poſture. And to make this experiment in ſome reſpe& more accurate than the 
others we made of ſounds, we ſecured ourſelves againſt any leaking at the top, by im- 
ploying a receiver that was made all of one piece of glaſs (and conſequently had no 
cover cemented on to it) being furniſhed only within (when it was firſt blown) with a 
glaſs-knob or button, to which a ſtring might be tied. And becauſe it might be ſuſ- 
pected, that if the watch were ſuſpended by its own filver chain, the tremulous motion 
of its ſounding bell might be propagated by that metalline chain to the upper part * 
b the 
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the glaſs, to obviate this as well as we could, we hung the watch, not by its chain, 
but a very ſlender thread, whoſe upper end was faſtened to the newly mentioned glaſs- 
tton. 
met things being done, and the air being carefully pumped out, we ſilently ex- 
pected the time, when the alarum ſhould begin to ring, which it was eaſy to know by 
the help of our other watches; but not hearing any noiſe ſo ſoon as we expected, it 
would perhaps have been doubted whether the watch continued going, if for prevention 
we had not ordered the matter fo, that we could diſcern it did not ſtand ſtill: where- 


fore 1 deſired an ingenious gentleman to hold his ear juſt over the button at which the 


watch was ſuſpended, and to hold it alſo very near to the receiver ; upon which he told 
us, that he could perceive, and but juſt perceive ſomething of ſound that ſeemed to 
come from far ; though neither we that liſtened very attentively near other parts of the 
receiver, nor he, if his ears were no more advantaged in point of poſition than ours, 
were fatisfied that we heard the watch at all. Wherefore ordering ſome air to be let 
in, we did, by the help of attention, begin to hear the alarum, whoſe ſound was odd 
enough, and, by returning the ſtop-cock to keep any more air from getting in, we 
kept the ſound: thus low for a pretty while, after which a little more air, that was per- 
mitted to enter, made it become more audible; and when the air was yet more freely 
admitted, the by-ſtanders could plainly hear the noiſe of the yet continuing alarum at a 
conſiderable diſtance from the receiver. 

From what has hitherto been related, we may learn what is to be thought of what is 
delivered by the learned Merſennus, in that book of his Harmonicks, where he makes 
this to be the firſt propoſition. Sonus d campanis, vel altis corporibus non ſolum produci- 
tur in illo vacuo (quicquid tandem illud fit) quod fit in tubis bydrargyro plenis, paſteague 
depletis, ſed etiam idem acumen, quod in aere libero vel clauſo penitus obſervatur & auditur. 
For the proof of which aſſertion, not long after, he ſpeaks thus: porro variis tubis, 
quorum extremis lagenæ vitreæ adglutinantur, obſervari campanas in illo vacuo appenſas 
propriiſque malleis percuſſas idem penitus acumen retinere, quod in aere libero babent : atque 
ſoni magniludinem ei ſono, qui fit in aere quem tubus clauſus includit, nihil cedere. But 
though our experiments ſufficiently manifeſt, that the preſence or abſence of the common 
air is of no ſmall importance as to the conveying of ſounds, and that the interpoſition of 
glats may ſenſibly weaken them; yet ſo diligent and faithful a writer as Mer ſennus de- 
ſerves to be favourably treated; and therefore I ſhall repreſent on his behalf, that what 
he ſays may well enough have been true, as far as could be gathered from the trials he 
made. For, firſt, it is no eaſy matter, eſpecially for thoſe that have not peculiar and 
very cloſe cements, to keep the air quite out for any conſiderable tine in veſſels conſiſt- 
ing of divers pieces, ſuch as he appears to have made uſe of; and next, the bignels 
of the bell in reference to the capacity of the exhauſted glaſs, and the thickneſs of the 
glaſs, and the manner whereby the bell was faſtened to the inſide of the glaſs, and the 
hammer or clapper was made to ſtrike, may much vary the effect of the trial, for 
reaſons. eaſy to be gathered out of the paſt diſcourſe, and therefore not needful to be here 
inſiſted on. And upon this account we choſe to make our experiment with ſounds 
that ſhould not be ſtrong or loud, and to produce them after ſuch a manner, as that as 
little ſhaking as could be might be given by the ſounding body to the glaſs it was in- 
cluded in, The propoſal made by the ſame Merſennus, to have thole that have induſtry 


enough try whether a bag-pipe will be made to afford the ſame ſound as in the open 
air, in ſuch veſſels as he uſed for his bells, though he fecms to think it would fuccerd, 
is that which your lordſhip will not, I preſume, ſolicit me to make trial of, if you re- 
member what is related in the almoſt immediately foregoing experiments, ſhewing, that 


we 
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we could make nothing come out of the cavity of a pair of bellows that had force 
enough to blow away a feather, when that cavity was freed from air; as the bagpi 
would be by the ſame operation, that empties the glaſs that contains it, or elſe the ſound 
-would not be made in ſuch a vacuum as the ſcope of the experiment requires. 

Ir IJ had had conveniency, I would have made ſome trials by conveying a ſmall ſtringed 
inſtrument (perhaps ſome ſuch as they commonly call a kit) exactly tuned, into a large 
receiver, and then upon briſkly ſtriking the ftring of a bigger inftrument (tuned, as they 
ſpeak, to an uniſon to (or with) that of the ſmaller inſtrument) I ſhould have taken no- 
tice, whether the ſound would have been ſo uniformly propagated notwithſtanding the 
interpoſition of the glaſs receiver, as ſenſibly to ſhake the included ftring ; in order to 
the diſcerning of which, a bended piece of ſtraw or feather, or ſome ſuch light body, 


was to be horſed upon the ſtring to be ſhaken, I alſo intended, in caſe the ſtring were 


made to move, to make the like trial after the receiver was diligently exhauſted. And 
laſtly, I deſigned to try whether two uniſon ſtrings of the ſame inſtruments, or of a couple 
to be placed in the ſame receiver, would, when the air (which is the uſual medium of 
ſounds) was well pumped out, yet maintain ſuch a ſympathy, as it 1s called, that upon 
the motion of the one, the other would alſo be made to ſtir; which trials may be 
varied by employing for the external inſtrument another iaſtead of a ſtringed one. 
And becauſe contraries, as is vulgarly noted, ſerve to illuſtrate each other, I thought 


to ſubjoin, to the trials above related about the propagation of ſounds in a thinner me- 


dium than the air, ſome obſervations about the conveyance of them through that thicker 
medium, water; but having unluckily miſlaid my notes upon that ſubject, I cannot at 


preſent acquaint your lordſhip with what I intended, but muſt defer the doing it till I 
ſhall have recovered them. | 


EXPERIMENT XIII. 
About the breaking of a glaſs-drop in an exhauſted receiver. 


You know that among the cauſes that have been propoſed of the ſtrange flying of a 
glaſs- drop into a multitude. of pieces, when the ſlender ſtem of it comes to be broken 


off, one of the leaſt improbable was taken from the preſſure of the air; as if that within 


the porous (and as it were honey-combed) inſide of the glaſs, being highly rarefied when 
the drop of melted glaſs fell into the water at its firſt formation, it was forced to conti- 
nue in that preternatural ſtate of expanſion by the hardneſs and cloſeneſs of the external 
caſe of glaſs that incloſed the pith-like part (if I may ſo call it) ſo that upon the breaking 
off a part of this ſolid caſe at the ſtem, the external air gaining acceſs, and finding in 
the ſpungy part very little reſiſtance from the highly rarefied and conſequently weakened 
air included there, ruſhes in with ſuch violence as to ſhiver the glaſs-drop into a multi- 
tude of pieces. | ; 
| 1 sHALL not now trouble your lordſhip with the mention of what may be alledged to 
queſtion this E eſpecially if it be compared with that accurate account of the 
phænomena of ſuch glaſs- drops, which was ſometimes ſince preſented to the ſociety by 
that great ornament of it Sir Robert Moray; but I ſhall only ſay in this place, that 
when I conſidered, that if the diſſilition of the glaſs would ſucceed when the air was 
pumped out of it, it would be hard to alcribe that effect to the eruption of the external 
air. I thought fit to try what would happen if a glaſs-drop were broken in our exhauſted 
receiver, 


touching the Spring of the Air. | 263 


receiver; and accordingly did, though not without ſome difficulty, ſo order the matter 
that the blunter part of the glaſs drop was faſtened to a ſtable body (conveyed into the 
receiver) and the crooked ſtem was tied to one end of a ſtring, whoſe other end was- 
faſtened to the turning-key ; by which means, when the air had been diligently pumped 
out, the ſtem was (by ſhortening the ſtring) broken off, and the glaſs-drop was ſhattered 
into a thouſand pieces. 

Tuis experiment was long after repeated with the like ſucceſs ; and having at that. 
time no gage to try how far the air had been drawn out, we let the external air impel. 
up the water out of the pump into the receiver, and thereby found that that veſſel had. 
not been negligently exhauſted. 


EXPERIMENT XLIII. 


About the production of light in the exhauſted receiver. 


I rresUME, I need not put your lordſhip in mind, that divers attempts were made to- 
try whether either a flame, or kindled coals, would be made to continue for ſome time 
burning in our receiver. But thoſe trials making it evident that it would be either im- 
poſſible or very difficult to produce any durable light, without the preſence of the air, 
by the burning of bodies, I thought it not amiſs, conſidering. the nobleneſs of light, to 
make trial, whether it might be otherwiſe produced in our exhauſted receiver; ſince 
whether or no the attempts ſhould prove ſucceſsful, the event would probably be inſtruc- 
tive. For as it is the property of light, when it is produced, to be diſcoverable by 
itſelf; ſo in ſuch a trial as we intended, it would teach ſomething concerning light, to find 


that the abſence of the air would or would not hinder it from being, produced. In pro- The con-- 


ſecution of this deſign, knowing that hard ſugar, being nimbly ſcraped with a knife, trivance 


will afford a ſparkling light, ſo that now and then one would think that ſparks of fire here men- 


fly from it, we cauſed a good lump of hard loat-ſugar to be conveniently and firmly may be 


placed in the cavity of our capped receiver, and to the vertical cylinder fore mentioned conceived 
we cauſed to be faſtened ſome pieces of a ſteel-fpring, which, being not very thick, by conf. 


might in their paſſage along the ſugar grate, or rub forcibly againſt it, and then the zeug om ; 


| ; onging ro 
cylinder (whoſe lower axis was inſerted into the often- mentioned trencher) was made forthe 41 ex- 


receiver being diligently exhauſted in the night-time, and in a dark room, the vertical} 


a pretty while to move round by the help of the turning-key, managed by a hand ſteady perimeut.. 
and ſtrong enough, By which means the irons that came out of the vertical cylinder, 

making in their paſſage vigorous impreſſions upon the ſug:r that ſtood ſomewhat in 

their way, there were manifeſtly produced a good number of little flaſhes, and ſome- 

times too, though not frequently, there ſeemed to be ſtruck off little ſparks of fire. 


EXPERIMENT XLIV. 


About the production of a kind of balo and colours in the ex bauſted receiver, 


Wr took a large inverted cucurbite for a receiver, which being ſo well wiped both 
within and without as to be very clear, allowed me to obſerve, and to make others do- 
fv too, that when the pump began to be ſet a work, if I cauſed a pretty large candle- 
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would with a kind of exploſion expand themſelves in the receiver, and by their inter- 
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to be held on the other fide of the glaſs, upon the turning of the ſtop- cock to let the 
air out of the receiver into the cylinder, the glaſs would ſeem to be full of fumes, and 
there would appear about the flame of the candle, ſeen through them, a kind of halo, 
that at firſt commonly was between blue and green, and after ſome ſucks would be of 
a reddiſh or orange colour, and both very vivid. The production of this meteor, if ! 
may ſo call it, was, according to my conjecture, made on ſome ſuch ſcore as this: 
that the cement being ſomewhat ſoft and new, as is convenient for this experiment, 
abounds with turpentine; and having a little, as well to faſten on the receiver, as for the 
other purpoſe, applied to it a hot iron, whereby the cement was both ſoftened and heat- 
ed, it ſeemed rational to expect, that upon the withdrawing of the air in the receiver, 
the aErial particles in the cement, freed from their former preſſure, would extricate them- 
ſelves, and with the looſer ſteams of the turpentine, and perhaps of the bees- wax, 


poſition between the light and the eye exhibit thoſe delightful colours we had ſeen. To 
confirm which, I afterwards found, that by watchfully obſerving it, I could plainly 
enough perceive the colouring ſteams, juſt upon the turning of the ſtop-cock, to fly up 
from the cement towards the top of the glaſs; and if we continued pumping, the re- 
ceiver would grow clearer, and the colours more dilute, till we had occaſion to put on 
the receiver, and heat the cement afreſh; of which the reaſon might be, partly that the 
aerial and volatile particles of the upper part of the cement did in that tract of time 
ſpend themſelves more and more; and partly, becauſe the agitation they received from 
the heat communicated by the iron did continually decay: not to mention, that when 
the receiver is more exhauſted, the want of air makes it more difficult for ſteams to be 
ſupported, and, as it were, ſwim up and down in it. 

Fox farther confirmation, I cauſed ſome cement to be put into a ſmall crucible warm 
enough to melt it; and conveying this into a clear receiver of a convenient ſhape and 
ſize, I cauſed the pump to be ſet a work ; whereupon it appeared manifeſtly enough, 
that upon the opening of the ſtop-cock to let out the air, the ſteams would copiouſly 
be thrown about from the crucible into the capacity of the receiver, and would, after 
having a little played there, fall down again. But in theſe apparitions the vividneſs, 
and ſometimes the kind of the exhibited colours, ſeemed much to depend upon divers 
circumſtances, ſuch as the degrees of heat, the bigneſs and ſhape of the receiver, the 
quantity of air that yet remained unpumped out, and the nature of the cement itſelf ; 
which laſt particular I the rather mention, becauſe, though I were hindered from doing 
it, I had thoughts to try a ſuſpicion I had, that by varying the materials expoſed to this 
kind of operation, ſome pretty variety might be made in the phenomena of the expe- 
riment. | 5 

WHETHER or no the apparition or whiteneſs, or light, that we ſometimes happened 
to take notice of divers years ago, and have mentioned in the already publiſhed part of 
our Phylico-mechanical Experiments, may be partly (though not entirely) referred to 
ſome of the cements I then employed, differing from thoſe I now uſe moſt, and to the 
unheeded temper of thoſe cements, as to warmth and degrees of ſoftneſs, is a doubt 
that further obſervation may poſſibly enable us to determine. 


EXPE- 


touching the Spring of the Air. 


EXPERIMENT XLV. 


About the production of beat by attrition in the exbauſted receiver. 


Taz opinion that aſcribes the incaleſcence of ſolid bodies, ſtruck or rubbed hard 
againſt one another, to the attrition or vehement agitation of the intercepted air, is fa- 
mous and received enough to ſeem worthy of a particular examination; but I confeſs to 
your lordſhip, that it was not any thing relating to this opinion that chiefly induced 
me to make the experiment I am now about to give an account of; for I thought it 
might be uſeful ro more purpoſes than one to be able to produce, by attrition, a ſome- 
what durable heat, even in our exhauſted receiver; and therefore, though it were to 
foreſee that it would prove no eaſy taſk, yet we thought fit to attempt it ſpight of the 
difficulties met with at our firſt trials. In what way and with what ſucceſs we after- 
wards made this attempt, I now proceed to relate. | 

Cross the ſtable trencher, formerly mentioned, there was faſtened a pretty ſtrong See plate 
ſpring of ſteel or iron, ſhaped almoſt like the lath of a croſs-bow ; and to the midſt of V. Fig. 3. 
this ſpring was ſtrongly faſtened, on the outſide, a round piece of braſs hollowed almoſt 
like a concave burning-glaſs, or one of thoſe tools wherein they uſe to grind eye-glaſſcs 
for teleſcopes : to this piece of braſs, which was not conſiderably thick, nor above two 
inches diameter, was fitted a convex piece of the ſame metal, almoſt like a gage for a 
tool to grind glaſſes in, which had belonging to it a ſquare handle, whereinto as into a 
ſocket was inſerted a ſquare piece of wood, proceeding from the baſis of a ſquare 
wooden pillar, which we made uſe of on this occaſion inſtead of our vertical cylinder. 
By the help of another piece of wood coming from the other baſis of the ſame 
pillar, the turning-key was joined to this pillar, which was made of ſuch a length, that 
when the turning-key was forcibly kept down as low as the braſs cover it was a part of 
would permit, the convex piece of metal lately deſcribed did depreſs the concave piece 
a pretty way, notwithſtanding a vigorous reſiſtance of the ſubjacent ſpring. 

* Bes1Dpss theſe things, a little fine powder of emery was put between the convex and 
concave pieces of braſs, to make them more congruous, and facilitate the motion that 
was to be made; and there was faſtened to the upper part of the turning-key a good 
wimble, without which we preſumed the turning of the key would not produce a ſuffi- 
cient motion; in order to the making of which, it was, after the firſt trial, judged re- 
quiſite to have a ſtrong man that was uſed to exerciſe his hands and arms in mechanical 
labours, upon which account we ſent for a certain lockſmith that was a luſty and dexte- 
rous fellow, | us 

ALL things that were thought neceſſary being thus in readineſs, and a mercurial gage 
being conveyed into the receiver, we cauſed the air to be diligently pumped out; and 
then the ſmith was ordered to turn the wimble, and to continue to Jean a little on it, 

that he might be ſure to keep the turning-key from being at all lifted up by the former 
mentioned ſpring. | 

WeritsT this man with much nimbleneſs and ſtrength was moving the wimble, I 
watched the gage, to obſerve whether the agitation of the ſtop-cock, and conſequently the 
engine, did not prejudice the experiment; and for greater caution I cauſed the pump to 
be almoſt all the while kept at work, though that ſeemed not ſo neceſſary. 

WHEN the turner of the wimble was almoſt out of breath, we let in for haſte rhe air 


at the cover of the receiver by lifting up the turning-key, and nimbly removing the 
Vo. III. receiver, 
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receiver, we felt the pieces of braſs betwixt whom the attrition had been made, and, 
as we expected, found both of them very ſenſibly warm. 

Bur being willing to confirm the experiment by a ſecond trial, which we hoped 
might, after the experience taught us by, the firſt, be ſomewhat better mags we 
cauſed the ſmith, after he had well refreſhed himſelf with reſt and drink, to lay hold 
of the wimble again, when the gage made it appear that the receiver was well exhauſted, 
ſo that by further pumping the quickſilver ſeemed not to be further depreſſed: and in 
this ſecond trial the nimble ſmith played his part ſo well, the pump in the mean while 

not being neglected, that when we did as before haſtily let in the air and take out the 
bodies that had been rubbed againſt one another, they were both of them, eſpecially 

the uppermoſt, ſo hot that I could. not endure to hold my hand on either of them, and 
they did for a conſiderable time retain a not inconſiderable degree of warmth. 

Tus ſame day I cauſed to be made at the turner's two bodies of wood, for ſize and 
ſhape like thoſe of braſs we had juſt before employed ; the upper of theſe was of hard 
oak, the other of beach, ſuch a difference between woods, to be heated by mutual attri- 
tion, being thought to be an advantageous circumſtance : but though the wimble was 
ſwiftly turned as before, and that by the ſame perſon, nevertheleſs the wood ſeemed 
not to me (for all the by-ſtanders were not of my opinion) to have manifeſtly acquired 
any warmth ; and yet that there had been a conſiderable attrition, appeared by the great 
poliſh which part of the wood had evidently acquired, which made me ſuſpect that 
though the wood ſeemed dry enough, yet it might not really be ſo, notwithſtanding 
the contrary was affirmed to me. But not being willing to fit down with a ſingle trial, 
I cauſed the experiment to be repeated with more obſtinacy than before; the effect of 
which was, that the wood, eſpecially the upper piece of it, was brought to a warmth. 
unqueſtionably ſenſible, | 


EXPERIMENT XLVI. 
About the flacking of quick- lime in the erbauſted receiver. 


Tu ſeveral ſcopes I aimed at in making the following trial are not neceſſary to be 
here particularly taken notice of; but one of them may be gueſſed at by the ſubſequence: 
of this experiment to that immediately foregoing, and the phænomena of it may be 
mentioned in this epiſtle, upon the account of their being exhibited by our engine. 
We took in an evaporating glaſs a convenient quantity of water, and having con-; 
veyed it into a receiver and well drawn out the air, we let down into it by the turning- 
key a lump of ſtrong lime about the bigneſs of a pippin, and obſerved nor, that at the 
firſt immerſion, ner for ſome while after, there appeared any conſiderable number of 
bubbles; but within about + of an hour, as I gueſſed it, the lime began (the pump. 
having been and being ſtill plied from time to time) to ſlack with much violence, and 
with bubbles wonderfully great, that appeared at each new exſuction, ſo that the inſide. 
of the receiver, though pretty large, was at length lined with lime-water, and a great. 
part of the mixture did from time to time overflow the veſſel that had purpoſely been 
but little filled; nor did any thing but our wearineſs put a period to the bubbling of. 
the mixture, whoſe heat was ſenſible, even on the outſide of the receiver, and which. 
continued conſiderably hot in the evaporating glaſs for + of an hour, as I conjectured, 
after the receiver was removed, d | 


Nor, 


touching the Spring of the Air. 


Norz, That the lime employed about this experiment was of a very good and ſtrong 
kind, made of hard ſtones, and not ſuch lime, made of chalk, as is commonly uſed at 
London, which probably would not have been ſtrong enough to have afforded us the ſame 


phænomenon. | 


EXPERIMENT XLVIL 


About an attempt made to meaſure the force of the ſpring of included air, and examine a 
conjeure about the difference of its firength in unequally broad-mouthed veſſels. 


Trovcn ſeveral of the foregoing trials have ſufficiently manifeſted that the ſpring of 
the air in its natural or wonted ſtate hath a force very conſiderable, and indeed much 
greater than men ſeem to have hitherto believed ; yet I could not hope by any of theſe 
experiments to determine by any known weight how great that force is, ſo as to conclude 
that it is equivalent to ſuch a weight, as ſo many pounds, ounces, &c. and to no more. 
Wherefore, among the ules I had deſigned to make of our ſyringe formerly often men- 
tioned, it was one to try if by the help of that inſtrument we could determine ſomewhat 
near (for no more was to be expected) how much weight a cylinder of uncompreſſed air 
included in it, and conſequently of the ſame diameter with the cavity of the barrel, 
would be able to ſuſtain, or alſo to lift up. | 

Ix order to this trial, 1. we provided a ſtable pedeſtal or frame, wherein the ſyringe 
might be kept firm and erected; next we alſo provided a weight of lead ſhaped like 
our braſs-hoop, or ring formerly deſcribed, that by the advantage of its figure it might 
be made to hang down by ſtrings from the top of the handle of the rammer, and fo 
preſs evenly enough on all ſides, without making the upper part of the inſtrument top- 
heavy. 2. We took care to leave between the bottom of the ſyringe (which was firmly-cloſed 
with ſtrong cement) and that part of it where the ſucker was, a convenient quantity of 
air to expand itſelf and lift up the weight, when the air external to that included air 
ſhould be pumped out of the receiver. And laſtly, the handle of the rammer (from 
(which the annular weight lately ſpoken of depended) was ſo faſtened to the turning- 
key of the cover of the receiver, that the weight might not compreſs the air included in 
the ſyringe, but leave it in its natural ſtate or wonted laxity, till the air were withdrawn 
from the receiver. 

BvT notwithftanding all this, when we actually tried the experiment, that happened 
which I feared. For though by this method the included air would well enough lift up 
a weight of ſeven or eight pounds, yer, when the rammer came to be clogged with fo 
conſiderable a weight as my ſcope in making the experiment required, the inſtrument 
proved not ſo ſtanch, but that it was eaſier for ſome particles of air to force themſelves 
a paſſage, and get away between the ſucker and the inſide of the barrel, than to heave 
up io great a weight. And yet I have thought fit to relate the experiment thus particu- 
larly, becauſe if an exact ſyringe can be procured, which 1 fear will be very difficult, 
but do not think impoſſible, this ſeems to be one of the likelieſt and leaſt exceptionab le 
ways I know of meaſuring the force of the airs ſpring. pd 

| Bur deſpairing to get ſuch a ſyringe as I deſired in the place where I then was, I be- 

thought myſelf of another way, by which I hoped to be able, though not to arrive ar 
an exact knowledge of the full force of the air's ſpring, yet at leaſt to approach nearer ic 
than I have been able to do by the help of the ſyringe. For this purpoſe, conſidering 
with myſelf that if a convenient quantity 3 were included in a fine ſmall bladder, 
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the ſides of it would hinder the air from getting away, and the limberneſs of them would 
permit the air to accommodate itſelf and the bladder to the figure of a cylindrical veſſel 
into which it might be put : ; 

WHEREFORE with much ado I procured to be made by a perſon exerciſed in turning, a 
couple of hollow cylinders, whoſe ſides were of a ſufficient thickneſs, that they might 
reſiſt the preſſure of the air to be impriſoned in them, and of ſuch differing breadths, 
that the firſt had but one inch in diameter, and the ſecond two; their depths being alſo 
unequal, that the one might receive a much larger bladder than the other. 

Wirz the leſſer of theſe, which was very carefully turned, I made a diligent trial; 
whoſe circumſtances I cannot now acquaint your lordſhip with, the paper wherein they 
were amply recorded having been, with other notes belonging to this continuation, un- 
luckily loſt ; but the moſt conſiderable things in the event were, that it was very difficult 
to procure a bladder ſmall and fine enough for that little cylinder; and that one which 
at length we procured, would not continue ſtanch for many trials, but would after a 
while part with a little air in the well exhauſted receiver, when it was clogged with the 
utmoſt weight it could ſuſtain ; but whilſt it continued ſtanch we made one fair trial with 
it, from whence we concluded that a cylinder of air of but an inch in diameter, and leſs 
than two inches in length, was able to raiſe viſibly, though but a little, a weight of 
above ten pounds {I ſpeak of avoirdupoize weights, where a pound contains ſixteen 
ounces), The manner of making this experiment, and the cautions uſed in judging of 
it, your lordſhip may learn by the recital of the ſubſequent trial ; my notes about which 
were not ſo unfortunate as thoſe that concerned the former. 

InTo a hollow cylinder of wood of four inches in, depth, and two in diameter, fur- 


VIII. Fig niſhed with a broad and ſolid bottom or pedeſtal to make it ſtand the firmer, was put 
2 and 4. à lamb's or ſheep's bladder very ſtrongly tied at the neck, on which was put a wooden 


plug, marked with ink where the edge of the cylinder was contiguous to it : this plug 


being loaden with weights, amounting to 35 pounds, (the uppermoſt of which weights 


was faſtened to the turning-key to keep it upright, and to help to raiſe it at firſt) the 
receiver was exhauſted till the mark appeared very manifeſtly above the brim of the 
cylinder; and then, though the ſtring were by turning the key quite ſlackened, yet the 
mark on the plug continued very viſible: and when ſo much air was let into the re- 
ceiver, as made the weight depreſs the plug quite beneath the mark, upon the repump- 
ing out of the air, the weight was without the help of any turniog-key lifted up, and 
by degrees all the mark on the plug was raiſed about + above the edge of the cylinder. 

W HEREFORE we ſubſtituted for a ſeven pound weight, one that was eſtimated at 14 
(for then we had not a balance ſtrong enough to weigh it with) and uſing the ſame blad- 
der we repeated the experiment, only having a care to ſupport a little the uppermoſt 
weight by the turning key, till the bladder had attained its expanſion ; and then the 
weight being gently let go, depreſſed not the plug ſo low, but that we could yet ſee the 
mark on it (which yet was all we could do) though that part of the plug where the 
mark was, were manifeſtly more depreſſed than the other, 

Fox the clearing up of ſome particulars relating to this trial, we will ſubjoin the fol- 
lowing, notes. e 

1. Tux plug is to be ſo fitted to the cavity of the cylinder, as eaſily to flip up and 
down it, without grating againſt the ſides of it, leſt it needleſsly increaſe the reſiſtance of 
the weight to be raifed ; and this plug ought to be of a convenient length, as about an 
inch and a half at leaſt, that it may be the fitter to help to reduce the bladder by comprel- 
fion into a ſomewhat cylindrical ſhape, and yet that it may not be thruſt in too deep by 


the incumbent weight; and that the weight might reſt more firmly upon it, * r 
a bro 
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a broad and ſtrong ledge made at the top of it, by which it might lean on every ſide upon 
the brim of the hollow cylinder. | 

2. Brok the inſtrument was conveyed into the receiver, the bladder (which ought 
to be of a juſt ſize, and not full blown, and of a fine and limber contexture) was put 
into the cylinder, and by divers gradual (but not immoderate) compreſſions was reduced 
to conform itſelf as much as might be to the cylindrical ſhape of the containing veſſel . 
and then the weight being put on, and taken off again, there was a mark (in the form 
of an horizontally placed arch) made with ink, where the edge of the brim of the hollow 
cylinder did almoſt touch the plug. This we thought neceſſary to do to avoid a miſtake z 
for we muſt not judge that all the weight that might be raiſed by our bladder, may, aſs 
for the weight ſought after by our experiment; ſince the air in the bladder is by reaſon 
of the incumbent weight more compreſſed than it was before, and conſequently its being 
able to heave up a great weight will not infer that our common air is able in its natural 
ſtate (as they call it) to exert ſo great a ſtrength ; that weight being only to be looked 
on as raiſed or ſuſtained by the uncompreſſed air, that is raiſed or ſuſtained when the 
plug 1s lifted up to the mark, fince till then the ſpring of the air does but bring it back 
from its new ſtate of adventitious compreſſion to its natural or wonted laxity. 

3. Wren, after the operation was ended, we took the bladder out of the veſſel, it 
had obtained a form cylindrical enough; and though it could be but two inches in 
diameter, yet it was ſo little, as to be but half an inch more long than broad. 

Tux reaſon why I choſe to have the two cylinders made of the unequal diameters 
above-mentioned, was to examine, as far as by this way I could, a conjecture I had 
that the force of the ſpring of differing cylinders of air to lift up ſolid weights would, 
at the very firſt raiſing of the weights, be in duplicate proportion to the diameters of 
their cylinders (thoſe diameters being proportionable to the areas of the plain ſuperficies 
againſt which the air does immediately preſs) without very much conſidering the in- 
equality that may be between the quantity of the ſeveral parcels of air whoſe preſſures 
are compared, But it is to be remembered, that I ſaid at the very firſt raifing of the 
weights, becauſe preſently after that the quantity of the parcels of air may be very 


conſiderable z for as I have ſhewn in another treatiſe, two very unequal quantities of air 


being made by their expanſion to poſſeſs two equal ſpaces, the leſſer quantity of air muſt 
be much more rarefied in proportion than the greater; and conſequently, to bring this 
home to our preſent argument, though both be lifted up a quarter or half of an inch, the 
ſpring of a very little air muſt be much more weakened than that of a very conſiderable 
quantity, and fo it cannot continue to lift up its weight as the above-mentioned propor- 
tion would (if it were not for this advertiſement) ſeem to require. | 

4. TaxinG then our conjecture in the ſenſe now declared, the ſucceſs of our trials is 
 agreeavle to it, inviting us to conclude that the air in the bladder, which was but two 

inches in diameter, was able by its preſſure to countervail the weight of 42 pounds, 
which is about four times the weight that we lately obſerved the ſpring of a cylinder 
of air of one inch in diameter to be able to lift up. For though, according to what 
we have formerly faid of a duplicate proportion, 42 pounds feems to be ſomewhat more 


than ought to have been lifted up in the cylinder of two inches bore, when that of one 


inch lifted up not above 10 pounds; yet this diſagrees not with the hypotheſis, if we 
conſider that the ſubſtance of the bladder ſtraightens the cavity of the ſmaller cylinder in 
a greater proportion thaa that of the bigger. 

5. IHoucn we have thus (as far as the inſtruments we were able to procure would 
aſſiſt us) meaſured the preſſure of included air, yet I muſt not forbear to advertiſe your 
lordſhip, that conſidering what I formerly obſerved to you about the weight of an at- 


moſphe- 


1 — 3 — 2 2329 
- > . m 
— e == * 


270 


2 by 


New Experiments Pbyſico- mechanical, 


moſpherical pillar of an inch in diameter, I cannot but think that if a cylinder orother 
convenient inſtrument, exactly tight, can be procured, the ſpring of an aerial cylinder 
will appear to be greater than we found it by the foregoing trials; in ich I conſider 
that, not to mention the reſiſtance of the bladder itſelf, the membraneous ſubſtance that 
hned the cylinders (though it were very thin and fine) could not but ſomewhat ſtraighten 
their cavities, and conſequently ſomewhat (though not much) leſſen the diameters of the 
included aerial cylinders. | 85 

6. To all theſe notes I muſt add this advertiſement, that it may be therefore the more 
difficult in ſuch trials as ours to aſcertain the force of the air's ſpring, becauſe that air 
itſelf when it is concluded, being ſhut up with the preſſure of the atmoſphere upon it, 
it is probable that ſince that preſſure, as we have ſhewn, is not at all times the ſame, the 
ſpring of the included air will accordingly be varied. And if my memory fail me not, 
when the lately recited experiments were made, our barometer declared the atmoſphere to 
be ſomewhat light. | 

From. what has been hitherto delivered, this may reſult, that it is likely that the 
ſpring of an aerial cylinder an inch broad may be able to ſuſtain, if not raile a pretty 
deal more than ten pounds weight; and that the paſt trials, without determining that 
the air can raiſe no more in them than it did, do at leaſt prove that it can raiſe. up as much 


weight as we have related, ſince we actually found it to do fo. 


EXPERIMENT XLVIII. 


About an eaſy way of making a ſmall quantity of included air raiſe in the exbauſted receiver 
50 or 60 pounds or a greater weight. | 


I wovLD very willingly have further proſecuted the foregoing trials, to ſee how far 
the lately propoſed conjecture cr hypotheſis would hold; but was hindered by the want 
of receivers tall and capacious enough to contain the weights that ſuch an attempt re- 
quired ; but remembering that there were not any experiments made 1n our engine, that 
appeared more ſtrange to the generality of ſpectators, and ſerved more to give them a 
high opinion of the air's ſpring, than thoſe wherein they ſaw ſolid bodies actually lifted 


up by it; and remembering that I had lying by me a braſs veſſel which had been be- 


See Plate 
VIII. Fig. 


4 


See Plate 
VIII. Fig. 
3. 


ſpoken for another experiment, for which the workmen had not made it fit, I thought 
it not amiſs to employ it about making a trial very eaſy, and yer fit to be ſhewn to 
ſtrangers, to convince them that the ſpring of the air is a much more conſiderable thing 
than they imagined, | | 

WE took then a braſs veſſel made like a cylinder, and having one of its orifices ex- 
actly covered over with a flat plate very firmly faſtened to it, the other orifice being 
wide open. The depth of this veſſel was four inches, and the diameter ſhould have 
been preciſely, but wanted about a quarter of an inch of, four inches. To this hollow 
cylinder we fitted a wooden plug, hke one of thoſe deſcribed in the foregoing experi- 
ment, ſave that it was not quite ſo long, and that it was furniſhed with a rim or lip, 
which was purpoſely made of a conſiderable breadth, that it might afford a ſtable balis 
to the weight that ſhould lean upon it; and then taking a middle-ſized and limber 
bladder, ſtrongly tied at the neck, but not near full blown, we preſſed it by the help 
of the plug into the cylinder to make it the better accommodate itſelf to the figure of 
it; then taking notice by an inky mark how much the plug was extant above the 


orifice of the veſſel, we laid the weights upon the plug, whole rim or lip hindered it 
from 
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from being depreſſed too deep into the cavity of the veſſel ; and having conveyed them See Plate 
into the receiver, we found as we expected, that if we had loaded the plug but with a VIII. Fig- - 
ſingle weight, as to avoid trouble and the danger of breaking the glaſs we uſually 1 
thought fit to do, though that were a common half-hundred weight, which you know 
amounts to 56 pounds, it would very quickly be manifeſtly heaved up by the ſpring of 
the included air. For confirmation of more than which, I ſhall ſubjoin the enſuing trial, 
as I find it recorded among my looſe notes. EY | i 
Taz weight that was lifted up by the bladder in the cylinder four inches broad, was 
pounds; this weight was lifted: up till the wooden plug diſcloſed the mark that was 
to ſhew the height at which the air kept the ſaid plug before it was „ v dif- 5 
cloſed it, I ſay, viſibly at the fifth exſuction, and at the ſeventh that mark was 3, or | 
rather i above the edge of the cylinder. In the gage where the mercury in the open 
air was wont to ſtand about 4 above the uppermoſt glaſs-mark, it was depreſſed till it 
was + below the ſecond mark. When the air was let in, it was a pretty while before 
the weight did manifeſtly begin to ſubſide ; the bladder being taken out, and the place 
it had poſſeſſed in the cylinder being ſupplied with a ſleeve, or ſome ſuch thing, and the 
weight laid. again upon the plug, we found that at twenty-four exſuctions the mercury 
was depreſſed to the loweſt mark of the gage; and it was the thirty-fourth or thirty- 
fifth exſuctions before the receiver appeared to be ſo exhauſted, as to put an end to the Y 
ſinking of the mercury, which was then above + beneath the loweſt mark. 0 
vous lordſhip will eaſily believe that moſt of the ſpectators of ſuch trials thought it 
ſomewhat ſtrange to ſee a ſmall quantity of air, which was not only uncompreſſed in the 
bladder, but did not near fill it, and left it very ſoft and yielding to the leaſt touch, 
lift up ſo eaſily by its bare ſpring ſuch great weights as endeavoured to opprels it. But 
this not being any thing near a ſufficient trial, how far the conjecture or hypotheſis: 
formerly propoſed will hold, I thought fit to make the utmoſt trials the talleſt receivers 
I could procure would admit; and having cauſed leaden weights to be, purpoſely caſt. 
fat like cheeſes, and as broad as we could conveniently put into the receiver, that by 
the advantage of this ſhape we might be able to pile up the more of them, without 
much danger that any of them ſhould be ſhaken down; we laid divers of them one. 
upon another, and then the upper part of the receiver growing too narrow to admit. 
more of them, we added a leſs broad weight or two; and then exhauſting the receiver 
till we perceived by the gage that the air was manifeſtly withdrawn, we 1 as near 
as we could meaſure by the help of a mark and a pair of compaſſes, that the plug was- 
ſo far raiſed, as that it was concluded that the elevation would have been much greater, 
if the included air being put upon fo great a conatus, had not found it eaſier to produce 
ſome leak at the neck of the bladder, than to lift up ſo great a weight, which by our. 
reckoning; came to about 100 pounds of 16 vunces to the pound. But this laſt experi- 
ment, for want of ſome requiſite accommodations, we were hindered from repeating and. 
promoting; though the above-mentioned hypotheſis made me preſume that a far 
greater weight might this way have been railed, if the bladder had been ſtauch, and the 
receiver high enough. | 
I neep not tell your lordſhip that if a larger bladder be employed and included in a. 
braſs veſſel of a ſufficiently wide orifice, a far greater weight may. be lifted up by the. 
ſpring of the internal air; but yet it will not be amiſs to give your. lordſhip on this occaſion, 
this advertiſement, which may be fit to be taken notice of on divers others; chat care - 
muſt be had not to make receivers that ought to be well emptied, too large, and eſpeci- 
ally too wide at the. orifice; for otherwiſe they will be expoſed to ſo great a preſſure of: 
the atmoſphere, that they need be of an extraordinary ſtrength to reſiſt it; and even. 
5 R 3 receivers. 
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receivers that ſeemed thick enough proportionably to their bulk, and which held out 
very well till the cloſe of the operation, yet when they came to be very diligently 
exhauſted, they did, by reaſon of the wideneſs of their orifices, begin to crack at the 
bottom, | : 


* 


EXPERIMENT XLIX. 


Viz. the Ix one of my publiſhed experiments I long ſince told your lordſhip that when I en- 
XXXVI. deavoured, by the help of a ſealed bubble, weighed in an exhauſted receiver, to compare 
the gravity of air and water, I was hindered by the caſual breaking of the glaſs from 
compleating the experiment; wherefore I afterwards thought fit to repeat the trial; 
and though when I had done ſo twice or thrice, having given away the large receiver I 
had made uſe of about them, and not being able ever ſince to procure a good one that 
was Capacious enough for the tender ſcales I thought io nice an experiment required, I 
did not proſecute that attempt ſo far as I intended; yet this very difficulty I mer with to 
procure the requiſites of making the trial, invites me to ſubjoin the two following notes, 
which I find among my looſe papers. | 
April the W weighed a bubble in the receiver, which we found to weigh above half a grain 
19, 1602. heavier, when much of the air was exhauſted, than when it was full. Afterwards we 
took out this ſcaled bubble, and weighing it, found it to weigh 68 grains and a half; then 
breaking off the ſmall tip of it under water, we found that the heat by which it was 
ſealed up, had rarefied its included air, ſo that it admitted 125 grains of water, for 
the admitted water and glaſs weighed 193% grains. Then filling it full with water, 
we found it to contain in all 739 grains of water, for it weighed 8074 grains; whence 
it is evident that the difference between the weight of water and air was leſs than 1228 
tO 1. | 
W weighed in the receiver a bubble, the glaſs of which weighed 60 grains; the air 
that filled it weighed in vacua 57 of a grain; the water that filled it weighed 7205 
grains; ſo that by this experiment the proportion of the weight of air to water is as one 
to 859 29. | 
May 26, Thx trials mentioned in theſe notes, though they were too few for me to acquieſce in, 
* yet being made in a new way, and which has ſome advantages above thoſe that have 
been hitherto employed to weigh the air, may yet ſerve to keep us from the contrary 
extremes that have not been avoided by ſuch eminent mathematicians as Galileo and Ric, 
ciolus; the former of which makes water to be about 400 times as heavy as the air; 
and the latter, whoſe conjecture is much remoter from the truth, 10,000 times heavier. 
Bur it is ſo deſireable a thing, and may prove of ſuch importance, to know the 
proportion in weight bet wixt air and water, that I ſhall not ſeruple to acquaint your lord - 
hip with an attempt or two, that I made to diſcover it by another way; for though at 
firſt ſight this experiment may ſeem to be the fame with ane publiſhed a pretty while 
ago in the learned Scholtus his Mechanica hyarolico-pneumatica ; yet your lordſhip will 
eaſily perceive this difference between them; that whereas the induſtrious author of that 
experiment contents himſelf to ſhew, by the diminution of the weight of a glaſs, when the 
air has been drawn out of it, that the air, before it was drawn out, was not devoid of 
gravity ; the following trial does not only perform the ſame thing, and by a ſuper- 
added circumſtance confirm the truth to be thereby proved, but it endeavours alſo to 
ſhew the proportion in gravity betwixt the air and water. The trials themſelves were 
regiſtered among my Adverſaria as follow: 
A ſmall 


touching the Spring of the Air. 


A $MALL receiver being exhauſted of air by the engine, and counterpoiſed whilſt it 
continued ſo, the ſtop-cock was turned, and the air re- admitted, which made it weigh 
36 grains more than it did before; and to prevent jealouſies, we cauſed it to be applied 
the ſecond time to the engine, by which the air being emptied once more, the glaſs was 
put into the other ſcale of the former balance, and ſo counterpoiſed ; and then the ex- 
ternal air being re- admitted (which ruſhed in as formerly with a whilſtling noiſe) there 
was found 36 grains or better requiſite to reſtore the balance to an æquilibrium. 

WE took a {mall glaſs receiver fitted with a ſtop-cock, and having exhauſted it of the 
air, and counterpoiſed it, and let in the outward air, we found the weight of the veſſel 
to be increaſed by that admiſſion 36 grains. This done, we took the receiver, after 
having well counterpoiſed it, out of the ſcale, and having applied it the ſecond time to 
the engine, we once more withdrew the air, and then turning the ſtop-cock to keep out 
the external air, we took care that none of the cement employed to join it to the engine, 
ſhould ſtick to it, as we had diligently freed it from adherent cement before we laſt ap- 
plied it to the engine. Then weighing it again, we found it to weigh either 35 or 36 
grains (but rather the former) heavier than it did when it was laſt counterpoiled in the 
ſame balance. This being alſo done, we immerſed the flop-cock into a baſon of fair water, 
and let in the liquor, that we might find how much water would ſucceed in place of the 
air we had drawn out. When no more water was impelled in, we turned the ſtop- 
ſtock once more to keep it from falling out, and then weighing it in the ſame ſcales 
(after we had wiped the ſtop-cock, that no water might ſtick to it on the outſide) we 
found the water (without computing the veſſel) to weigh 47 ounces, 3 drachms, and 
6 grains, which divided by 35 grains (which I took to be the weight of the air that was 
equal in bulk to this water that ſucceeded it) the quotient was (wanting a very little) 650 
grains, for the proportion of the weight between air and water of the ſame bigneſs, at 
the time when the experiment was made; which circumſtance I therefore take notice of, 
becauſe the atmoſphere appeared by the baroſcope (wherein the mercury ſtood then at 
29 inches and three quarters) to be very heavy; which made me the leſs wonder to 
find this proportion not ſo great, as at other times I had obſerved it to be between water 
and air in point of weight; though I ſuſpected, that becauſe this odd experiment cannot 
be nimbly diſpatched, ſome little air way have got in at the ſtop-cock, beſides the air 
that Ciicloſed itſelf in numerous bubbles in the water that was admitted, where, though 
it Jay in ſuch ſmall particles as not to be diſcerned before, yet theſe particles, by this oppor- 
tunity to expand themſelves, extricated themſelves from the water, and by getting toge- 
ther might ſomewhat reſiſt the ingreſs of more; which is a difficulty whereto the mea- 
luring the proportion between water and air in a heated æolipile is liable. But the ſteal- 
ing in of any air before the water was let in, is mentioned but as a ſuſpicion. 

Your lordſhip may perhaps think it ſomewhat ſtrange that I ſhould preſent you 
trials whoſe events do not ſo well agree together as perchance you expected; but this 
very diſagree ment was cone of the motives thet induced me to acquaint you with them 
tor all thoſe comprized ia theſe experiments being made faithfully, and not without at 
the leaſt an ordinary diligence, as they ſeem to make it probable, that one may without 
«any great error eſtimate the proportion of our Engliſh air to water to be as one to ſome 
number between 600 and 1100; ſo it is not to be expected that the proportion, what- 
ever it be that fl ould be pitched upon, ſhould be accurate and ſtable. For though 
learned men ſeem to have hitherto taken it for granted that it may ſuffice once for all 
Uiligently to inveſtigate the proportion betwixt thoſe two boclies, yet not only that I am 
apt to believe that a determinate quantity of air (as a pint or quart) may be unequaliy 
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heavy in diſtant countries, and even in differing places of the ſame country 3 but what ! 
have taken notice of in the 17th of the printed experiments, and $ frequently 
obſerved of the great inequalities of the weight of the atmoſphere, inclines me to think 
that in the ſelf ſame place two experiments may be made with the ſame inſtruments 
and equal diligence, and yet the weights of the air may be found differing enough; 
which may keep your lordſhip from much wondering, that in the 36th printed experi- 
ment, made when I had the variations of the atmoſphere's gravity in my eye, I found 
the air to be leſs ponderous in reference to water, than in theſe latter trials. But of this 
I hope I ſhall, if God permit, make further trial with the ſame veſſels, at times when I 
ſhall perceive by the baroſcope that the gravity of the atmoſphere is very great and 
very ſmall ; and I wiſh the curious would make the like trials in other regions. I do 
not forget that not only the ſchool-philoſophers, but moſt of the moderns, deny that air: 
hath any weight in air, no more than water in water; but having * elſewhere declared 
and explained my ſenſe about this received opinion, I ſhall not here ſpend any of the 
little time I have remaining to juſtify my diſſent 3 for which your lordſhip may find: 
ſufficient grounds in the newly related experiments, eſpecially if you pleaſe to conſider, 
that though the opinion 1 diſallow have been chiefly and generally grounded upon ſome 
arguments. ſuppoled to evince that water has no weight in water, I have Þ elſewhere 
ſhewn thoſe proofs not to be cogent, and taught a practical way of weighing water in. 
water with a pair of ordinary ſcales 4. 


EXPERIMENT L. 


About the disjoining of two marbles (not otherwiſe to be pulled aſunder without a great 
weight ) by withdrawing the preſſure of the air from them. 


In our formerly publiſhed experiments about the air ||, I did, if I miſremember not, 
acquaint your lordſhip with an attempt I had made to make a couple of coherent marbles 
fall aſunder by withdrawing the air from them. But though I then eſteemed that their 
coheſion depended upon the preſſure of the air, yet not being at that time furniſhed with 
all the accommodations requiſite to make an experiment not eaſy to be performed ſuc- 
ceed, I thought fit, when I had afterwards opportunity, to proſecute what I then be- 
gan, and add ſome circumſtances that I could not then make trial of, and yet whoſe 
ſucceſs will not, I preſume, be unwelcome, ſince it ſupplies us with no leſs than matters 
of fact; whence we may argue this, that this experiment of coherent marbles (which not 
only the Ariſtotelian pleniſts have much triumphed in, but which ſome recent favourers 


of our hypotheſis have declared themſelves to be troubled with) is not only reconcileable 


to our doctrine, but capable of being made a confirmation of it; notwithſtanding what 


has lately been publiſhed (upon the ſuppoſition of a caſe, . which at firſt bluſh. may ſeem 
ſomewhat of a kin to our experiment) by a very learned & writer, to whoſe objection 


In the Hydroſtratical Paradoxes. 
+ In an Appendix to thoſe Paradoxes. | | 
t This method was omitted in the Engliſh edition of the newly mentioned Appendix, but not in the La- 
tin Verſion. | | 
Experiment XXXI. See alſo the cauſe of this phznomenon diſeourſed of in the author's Hiftory of 
Flaidity and Firmneſs. 
3 $ Dr. H. M. in the ſecond chap. of the ſecond book of the new edition in folio, of his Antidote again/* 
theiſm, 
| againſt 
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againſt our hypotheſis, though as well confidently as very civilly propoſed, an anſwer 
may in due place, if your lordſhip deſire it, be returned. | 

W-: took two flat round marbles, each of them of two inches and about three quar- 
ters in diameter, and having put a little oil between them to keep out the air, we 
hung at a hook faſtened to the lowermoſt a pound weight, to ſurmount the coheſion 
which the tenacity of the oil and the imperfect exhauſtion of the recciver might give 
them; then having ſuſpended them in the cavity of a receiver, at a ſtick that lay hori- | 
zontally a-croſs it; when the engine was filled and ready to work, we ſhook it fo : 
ſtrongly, that thoſe that were wont to manage it, concluded it would not be near fo 
much ſhaken by the operation. Then beginning to pump out the air, we oblerved the 
marble to continue joined, until it was ſo far drawn out, that we began to be diffident 
whether they would ſeparate z but at the 16th ſuck, upon the turning of the ſtop-cock 
(which gave the air a paſſage out of the receiver into the pump) the ſhaking of the engine 
being almoſt, if not quite over, the marble ſpontaneoully tell aſunder, wanting that 
preflure of the air that formerly had kept them together: which event was the more 
conſiderable, not only becaule they hung parallel to the horizon, but adhered ſo firmly 
together when they were put in, that having tried to pull them aſunder, and thereb 
oblerved how cloſe they ſtuck together, I foretold it would coſt a good deal of pains ſo 
far to withdraw the air, as to make them ſeparate z which conjecture your lordi{hip will 
the leſs wonder at, if I add that a weight of 80 and odd pounds, faſtened to the lower- 
moſt marble, may be drawn up together with the uppermoſt, by virtue of the firmneſs 
of their coheſion. . 

N. B. THis is not the only time that this experiment ſucceeded with us; for ſome- 
times, when they were not ſo cloſely preſſed together before they were put in, the disjunc- 25 
tion was made at the 8th ſuck, or ſooner, and we ſeemed to ourſelves to obſerve, that 
when we hung but half a pound weight to the lower marble, it required a greater ex- 
hauſtion of the receiver to ſeparate them, than when we hung the whole pound. 

AFTER having proceeded thus far with the inſtruments we then had, meeting with an 
artiñcer that was not altogether unſkilful, we directed him to make (what we wanted 
before in that place) ſuch a braſs-plate to ſerve for a cover or cap to the upper orifice of 
receivers open at the top, as we have divers times had occaſion to mention already in 
giving accounts of ſome of the foregoing trials; by the help of which contrivanccs we 
proſecuted the newly related experiment much farther than we could do before, as may 
appear by the following account. . 

We faſtened to the lowermoſt of the two marbles a weight of a very few ounces {for I See Plate 
remember not the preciſe number) and having cemented the capped receiver with the VIS . 
marbles in it, as before to the pump, we did by a ſtring, whereof one end was tied to 
the bottom of this turning-key, and the other to the uppermoſt marble, and which 
({tring) paſſed through the crank or hook belonging to the braſs- cover; we did, | ſay, 
by the help of this ſtring, and by turning round the key, draw up the ſuperior marble, 
and by reaſon of their coherence the lowermoſt alſo, together with the weight that hung 
at it: by which means being ſure that the two marbles ſtuck cloſe together, we began to 
pump out the air that kept them coherent; and after a while, the air being pretty well 
withdrawn, the marbles tell aſunder. But we having ſo ordered the matter that the 

| lowermoft could fall but a little way beneath the other, we were able by inclining ad 
ſhaking the engine to place them one upon another again, and then letting in ih. ar 
ſome what haſtily, that by its ſpring it might preſs them hard together, we found the 
expedient to {ucceed ſo well, that we were not only able by turning the abovementioned 
Cylindrical key, to make the uppermoſt marble take up the other, and the annexed 


m 2 weight; 


to take root, is now grown ſo troubleſome, that I fear it may have too much influence 


your lordſhip's patience, as to allow myſelf ſome ſeaſonable refreſhment, to reſerve the 
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weight ; but we were fain to make a much more laborious and diligent exhauſtion of the 
air to procure the disjunction of the marbles this ſecond time, than was neceſſary to do 
it at the firſt, | 

And for further prevention of the objections or ſcruples that I foreſaw ſome prepoſ- 
ſeſſions might ſuggeſt, I thought fit to make this further trial; that when the marbles 
were thus aſunder, and the receiver exhauſted, we did, before we let in the air, make 
the marbles fall upon one another as before; but the little and highly expanded air 
that remained in the receiver having not a ſpring near ſtrong enough to preſs them together, 
by turning the key we very eaſily raiſed the uppermoſt marble alone, without finding 
it to ſtick to the other as before; whereupon we once more joined the marbles toge- 
ther, and then letting in the external air, we found them afterwards to ſtick ſo cloſe, that 
J could not without inconvenience ſtrain any farther, than I fruitleſly did, to pull them 
fairly aſunder; and therefore gave them to one that was ſtronger than I, to try whether 
he could do it, which he alſo in vain attempted to perform. 

Ax now, my lord, though I had thoughts of adding divers other experiments to thoſe 
J have hitherto entertained you with, yet (upon a review) finding theſe to amount al- 
ready to fifty, I think it not amiſs to make a pauſe at ſo convenient a number; and the 
rather, becauſe an odd quartianary diſtemper that I ſlighted ſo long, as to give it time 


upon my ſtyle ; which apprehenſion obliges me as well to avoid abuſing or diſtreſſing 


mention of the deſigned additions until they can with leſs trouble to us both be preſented 
xou by, 


My dear lord, 
Tour lordſhip's moſt humble ſervant, and affeCtionate uncle, 
n 24. ROBERT BOYLE. 
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ATMOSPHERES of ConsisrenT Bopizs here below. 


SHEWING, 


1 


That even hard and ſolid Bodies (and ſome ſuch as one would ſcarce 


ſulpect) are capable of emitting ErxrLuvia, and fo of having 
ATMOSPHERES. 


ADVERTISEMENT. 


E that ſhall take the pains to peruſe the following paper, will eaſily believe me, 
when I tell him that it was not deſigned to come abroad with the experiments, 
in whoſe company it now appears: but the ſtationer earneſtly repreſenting, that divers 
experiments being reſerved by me for another occaſion, the remaining ones alone would 
not give the book a thickneſs any thing proportionable to its breadth ; I conſented, at 
his ſolicitation, to annex to them the following obſervations, becauſe of ſome affinity 
between the ſmall atmoſpheres of leſſer bodies, and the great atmoſphere that ſurrounds 
the terreſtrial globe; in which the other that do at leaft help to compoſe it, are loſt and 
confounded, as brooks and rivers are in the ocean: and to ſave the reader the pains of 
making gueſſes to what kind of writing the enſuing diſcourſe may belong, I ſhall here 
intimate, that it is diſmembered from certain papers about occult qualities in general, 
which make part of the notes 1 long ſince deſigned, and alſo partly publiſhed, about 
the origin of qualities, of which notes thoſe that concerned effluviums, being the moſt 
copious, I referred them to four general heads; whereof the firſt only is created of in 
the following diſcourſe, the others being with-held, as having not affinity enough with 
the atmoſphere to accompany this, whereon they have no ſuch abſolute dependence, but 
that they may well enough ſpare it: and I make the leſs icruple to let it appear without 
tiem, becauſe the inducements already mentioned are not a little ſtrengthened by this 
ſuperadded conſideration, that the following notes may give light to ſeveral of the ob- 
lervations I have made, of ſome leſs heeded phænomena of the alterations of the air, in 
caſe they be allowed to enter into the Appendix to this Continuation, 
Of 
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Of the ATwoseneres of Conſiſtent Bodies. 


T HE ſchool-philoſophers and the vulgar, in conſidering the more abſtruſe operations 

and phænomena of nature, are wont to run into extremes, which, though oppoſite 
to one another, do almoſt equally contribute to keep men ignorant of the true cauſes of 
thoſe effects they admire : for the vulgar, being accuſtomed to converſe with ſenſible 
objects, and to conceive groſly of things, cannot eaſily imagine any other agents in na- 
ture than thoſe that they can ſee, if not alſo touch and handle; and as ſoon as they 
meet with an effect that they cannot aſcribe to ſome palpable, or at leaſt ſenſible efficient, 
they are, and ſtick not to confeſs themſelves utterly at a loſs : and though the vulgar 


of philoſophers will not acknowledge themſelves to be poſed by the ſame phenomena 


with the vulgar of men, yet in effect they are ſo; but the ſchool-philoſophers, on the 
contrary, do not only refuſe to acquieſce in ſenſible agents, but, to ſolve the more myſ. 
terious phænomena of nature, nay and moſt of the familiar ones too, they ſcruple not to run 
too far to the other ſide, and have their recourſe to agents that are not only inviſible but 
inconceivable, at leaſt to men that cannot admit any ſave rational and conſiſtent notions : 
they aſcribe all abſtruſe effects to certain ſubſtantial forms, which, however, they call 
material, becauſe of their dependence on matter, they give ſuch deſcriptions to, as be- 
long but to ſpiritual beings; as if all the abſtruſer effects of nature, if they be not per- 
formed by viſible bodies, muſt be ſo by immaterial ſubſtances ; whereas betwixt viſible 


bodies and ſpiritual beings there is a middle ſort of agents, inviſible corpuſcles ; by which 


a great part of the difficulter phznomena of nature are produced, and by which may 
intelligibly be explicated thoſe phenomena, which it were abſurd to refer to the former, 
and precarious to attribute to the latter. Now, for method's fake, I will refer the notes 
that occur to me about effluviums to four heads; whereof the firſt is mentioned in the 
title of this paper, and each of the other three ſhall be ſucceſſively treated of in as many 
diſtinct ones. | 

THrar fluid bodies, as liquors, and ſuch as are manifeſtly either moiſt or ſoft, ſhould 
eaſily ſend forth emanations, will, I preſume, be granted without much difficulty; 
eſpecially confidering the ſenſible evaporation that is obvious to be obſerved in water, 
wine, urine, &c. and the looſe contexture of parts that is ſuppoſed to be requiſite to 
conſtitute ſoft bodies (as flowers, balſams, and the like); but that even hard and pon- 
derous bodies, notwithſtanding the ſolidity and ſtrift coheſion of their component parts, 
ſhould likewiſe emit ſteams, will to many appear improbable enough to need to be ſo- 
lemnly proved. | | Mo 

WHETHER you admit the atomical hypotheſis or prefer the Carteſian, I think it may 
be probably deduced from either, that very many of the bodies we are treating of may 
be ſuppoſed exhaleable as to their very minute parts; for, according to the docttine of 
Lucippus, Democritus, and Epicurus, each indiviſible particle of matter hath eſſentially 
either a conſtant actual motion or an unlooſeable endeavour after it; ſo that though it 
may be ſo complicated in ſome concretions with other minute parts, as to have its avo- 
lation hindered for a while; yet it can ſcarce otherwiſe be, but by this inceſſant endea- 


vour of all the atoms to get looſe, ſome of them ſhould from time to time be able to 


extricate themſelves and fly away: and though the Carteſians do not allow matter to have 
any innate motion, yet, according to them, both vegetables, animals, and minerals 
conſiſt of little parts fo contexed that their pores give paſſage to a celeſtial matter; 10 


that this matter continually ſtreaming through them, may well be preſumed to 1 
t 


of Confiſtent Bodies. 


the corpuſcles that compoſe them; by which continued concuſſion now ſome particles, 
and then others, will be thrown and carried off into the air, or other contiguous body 
fitted to receive them: but though by theſe and perhaps other conſiderations, I might 
endeavour to ſhew à priori, as they ſpeak, that it is probable conſiſtent bodies them- 
ſelves are exhaleable, yet I think it may be as ſatisfactory, and more uſcful, to prove it 
2 poſteriori, by particular experiments and other examples. 

Tua then a dry and conſiſtent form does not neceſſarily infer, in the bodies that are 
endowed with it, an indiſpoſition to ſend forth ſteams, which are, as it were, little colo- 
nies of particles, is evident, not only in the leaves of damaſk-roſes, whether freſh or dried, 
as alſo in wormwood, mint, rue, &c. but in amber-gris, muſk, ſtorax, cinnamon, 
nutmegs, and other odoriferous and ſpicy bodies: but more eminent examples to our 
preſent purpoſe may be afforded us by camphire and volatile falts, ſuch as are chemically 
obtained from hartſhorn, blood, &c. for theſe are ſo fugitive, that ſometimes I have had 
a conſiderable lump of volatile ſalt (either of fermented urine, or of hartſhorn) fly away 
by little and little out of a glaſs that had been carefully ſtopped with a cork, without 
leaving ſo much as a grain of ſalt behind it: and as for camphire, though by its being 
uneaſy to be powdered, it ſeem to have ſomething of toughneſs or tenacity in it, yet I 
remember, that having for trial's ſake counterpoiſed it in nice ſcales, even a ſmall lump 
of it would in a few hours ſuffer a viſible loſs of its weight. by the avolation of 
ſtrongly ſcented corpulcles, and this, though the experiment were made both in a north 
window and in winter. 

Bur I expect you ſhould require inſtances of the effluviums of bodies of a cloſe or 
ſolid texture; wherefore I proceed to take notice, that amber, hard wax, and man 
other electrical bodies do, when they are rubbed, emit effluviums: for though I will not 
now meddle with the ſeveral opinions about the cauſe and manner of electrical attraction, 
yet beſides that almoſt all the modern naturaliſts that aim at explicating things intelligibly, 
aſcribe the attraftion we are ſpeaking of to corporeal effluxes ; and befid:s that I ſhall 
ere long have occaſion to ſhew you, that there is no need to admit with Carteſius, that 
becauſe ſome electrical bodies are very cloſe and fixed, what they emit upon rubbing is 
not part of their own ſubſtance, but ſomewhat that was harboured in their pores : be- 
ſides theſe things, I ſay, I have found that many electrical bodies may by the very 
noſtrils be diſcovered, when they are well rubbed, to part with ſtore of corpuſcles, as I 
have particularly, but not without attention, been able to obſerve in amber, reſin, 
brimſtone, &c. 

I Know not, whether it will be worth while to take notice of the great evaporation I 
have obſerved, even in winter, of fruits, as apples. and of bodies that ſeem to be better 
covered, as eggs; which, notwithſtarding the cloſencſs of their ſhells, did daily grow 
manifeſtly lighter and lighter ; as I obſerved in them, and divers other bodies, that I 
kept long in ſcales, and noted their decrements of weight: but perhaps you will be 
pleaſed to hear, that having a mind to ſhew how conſiderable an evaporation is made 
from wood, I cauſed a thin cup, capable of holding about a pint or more, co be turned 
of a wood that was choſen by the turner as ſolid and dry enough, though it were not of 
the cloſeſt ſort of woods, ſuch as are lignum vitæ and box; and as I cauſed the ſhape 
of a cup to be given it, that it might have a greater ſuperficies expoſed to the air, and 
conſequently might be the fitter to emit ſtore of ſteams into it; ſo the ſucceſs did not 
only anſwer my expectation, but exceed it: for though the trial were made ſome time 
in winter, there was ſo thick and plentiful an evaporation made from the cup, that I 
found it no eaſy matter to counterpoiſe it; for whillt grains were putting into the oppo- 
lite ſcale, to bring the tender balance to an equilibrium, the copious avolation of inviſi- 
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ble ſteams from the wood (which had ſo much of ſuperficies contiguous to the air) 
would make the ſcale that held it ſenſibly too light. And I remember, that for further 
ſatisfaction, being afterwards in a city where there were both good materials and workmen, 
ordered to be made a bowl about the ſame bigneſs with the former, of well ſeaſoned 
wood, which being ſuſpended in the chamber I lay in -(which circumſtance I therefore 
mention, becauſe the weather and a little phyſic 1 had taken obliged me to keep a fire 
there) it quickly began manifeſtly to loſe of its weight z , and though the whole cup 
wanted near two drachms of near two ounces, yet in twelve hours, v.z. from ten of the 
clock in the morning to the ſame hour at night, it loſt about 40 grains (for it was above 
39): bnt of ſuch experiments and the cautions belonging to them, I may elſewhere 
ſpeak farther. 2 8 
Ix were not difficult for me to multiply inſtances of the continual emanation of ſteams 
from vegetable and animal ſubſtances; but I am not willing to enlarge myſelf upon this 
ſabj-&, becauſe I conſider that there are other bodies which ſeem ſo much more indiſpo- 
ſed to part with effluviums, that a few iaſtances given in ſuch may evince what I would 
prove, much more than a multitude produced in other bodies: and ſince I conſider that 
thoſe ſubſtances are the moſt unlikely to afford eMuvia that are either very cold or very 
ponderous, and very ſolid and hard, or very fixed; if 1 can ſhew you that neither of 
theſe qualifications can keep a body from emitting ſteams, I hope I ſhall have made it 
probable, that there is no ſort of bodies here below that may not be thought capable 
of affording the corporeal emanations we ſpeak of. 

Ap firſt I remember, that I have not only taken eggs, and in a very ſharp winter 
found them, notwithſtanding the coldneſs of the air where I kept them, to grow ſenſibly 
lighter, in a faithful pair of ſcales, in not very many hours; but becauſe ice is thought 
the coldeſt viſible body we know, I thought fit to ſhew, that even this body will loſe 
by evaporation ; for having counterpoiſed a convenient quantity of ice in a good ba- 
lance, and forthwith expoſed it therein to the cold air of a froſty night, that the evapo- 
rations ſhould be from ice not from water, I found the next morning, that though the 
ſcale, wherein the ice were put, was dry, which argued as well as the coldneſs of the 
weather, that the expoſed concretion had not thawed; yet I found its weight to be 
conſiderably diminiſhed, and this experiment I ſucceſsfully made in more than one winter, 
and in more than one place; and it is now but a few days ſince, expoſing not long be- 
fore midnight leſs than two ounces of ice in a good balance to a ſharply freezing air, | 
ſent for it before I was up in the morning; and though by the dryneſs of the ſcales, the. 
ice, that was in one of them, appeared not to have thawed, yet it had loſt about ten 
grains of its former weight; ſo that here the evaporation was made in ſpite of a double 
cold, of the ice and of the air. 

I sH0ULD now proceed to the mention of ponderous and ſolid bodies; but before I do 
ſo it may be expedient to give you notice, that, to make the proof of what I have 
propoſed more fatisfaftory and more applicable to our future purpoſes, I ſhall forbear to 
give you any examples of the exhalations of bodies, where ſo potent an agent as the fire 
1s made to intervene, 

Bur though I purpoſely forbear to inſiſt on ſuch examples, yet it may not be amils 
to intimate, that in explicatiag ſome. occult qualities, even ſuch exhalations as are pio- 
duced by the help of the fire, may be fit to be taken into conſideration, as we may 
hereafter have occaſion to ſhew ; and therefore we may obſerve, in general, that the 
fire is able to put the parts of bodics into ſo vehement a motion, that except gold, 
glais, and a very few more, there are not any bodies ſo fixed and ſolid, that it is not 


thought capable to diſſipate either totally or in part: it is known to thoſe that deal 1 
| t 
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the fuſion of metals, that not only lead and tin, but much harder bodies will emit co- 

jous and hurtful ſteams; and there are ſome kinds of that iron which our ſmiths call 
cold- ſhare iron, about whoſe ſmell, whilſt it was red hot, when I made inquiry, the 
ingeniouſeſt ſmith I had then met with told me, that he had found it ſeveral times to 
be ſo ſtrong and rank that he could ſcarce indure to work with his hammer thoſe parcels 
of metal whence it proceeded : and even without being brought to fuſion, not on! 
braſs and copper will, being well heated, become ſtrongly ſcented, but iron will be fo 
too, as is evident by the unpleaſing ſmell of many iron ſtoves: and on this occaſion I 
might not impertinently add here a trial we made to obſerve, whether the ſteams of iron 
may not be made, though not immediately viſible, yet perceptible to the eye itſelf, 
though the metal had not a red, much leſs a white heat; but having elſewhere related 
it at large, in a diſcourſe you may command a ſight of, I ſhall rather refer you to it than 
loſe the time it would take up to tranſcribe it. 

Tuxsz things premiſed, I proceed now to the mention of ponderous bodies; and con- 
cerning them, to repreſent, that if you will admit, what almoſt all the corpuſcularians 
aſſert, and divers of the peripateticks do not now think fit to deny, that the magnetical 
operations are performed by particles iſſuing forth of the body of the loadſtone or other 
magnetical agent; I ſhall not need to go far for an inſtance to our preſent purpoſe, ſince 
I have hydroſtatically found that ſome loadſtones (for I have found thole minerals very 
differing in gravity) are ſo ponderous as to exceed double the weight of flints or other 
ſtones of the ſame bulk. 

BuT not to inſiſt on loadſtones, ſtone-cutters will inform you, as they did me, that 
black marble, and ſome other ſolid and heavy ftones, will, upon the attrition they are 
expoſed to when the workmen are poliſhing them, eſpecially without water, emit, and 
that without the help of external heat, a very ſenſible ſmell; which I found to be much 
more ſtrong and offenſive, when, to make it fo, I had the curioſity to cauſe a piece of 
ſolid black marble to have divers fragments ſtruck off from it with a chizel and a ham- 
mer; for the ſtrokes ſucceeding one another faft enough to make a great concuſſion of 
the parts of the black marble (for in white, which is not fo ſolid, the tiial will not ſuc- 
ceed well) there quickly followed, as I expected, a rank unpleaſant ſmell; and you will 
grant me, I know, that odours are not diffuſed without corporeal emanations. Iremember 
alſo, that having procured ſome of thoſe acuminated and almoſt conical ſtones that paſs 
among the vulgar for thunder-ſtones, by rubbing them a little one againſt the other, I 
could eaſily, according to my expectation, excite a ſtrong ſulphureous ſtink. I have 
allo tried upon a certain mineral maſs that was ponderous almoſt as a metal, but to me 
it ſeemed rather an unuſual kind of marchaſite, that I could in a trice, without external 
heat, make it emit more ſtrongly ſcented exhalations than 1 could contentedly endure ; 
to which I ſhall add this example more, that having once made a chemical mixture of 
a metalline body and coagulated mercury, which you will believe could not but be pon- 
derous, though this mixture had already endured as violent a fire as was neceflary to 
bring it to fuſion, in order to caſt it into rings; yet it was fo diſpoſed to part with 
corporeal effluxes, that a very ingenious perſon that practiſed phyſick, and was there 
when I made it, earneſtly begged a little of it of me for ſome patients troubled with 
diſtempers in the eyes and other parts remote enough from the hand; which he affirmed 
himſelf to have very happily cured, by making the patient wear a ring of this odd mix- 
ture, or wearing a little of it as an appenſum near the diſaffected part. If you make a 
 viirum Saturni with a good quantity of minium in reference to the ſand or cryſtal, which 
it helps to bring to fuſion, you ſhall have a glaſs exceeding ponderous, and yet not de- 


void of electricity: and I remember, that having ſometimes cauled brals itſelf to be turned 
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Of the Aumoſpberes 


like wood, that I might try whether ſo great though inviſible a concuſſion of all the parts 
would not throw off ſome ſteams that might be ſmelled, I was not reduced to forego 
my expectation; but yet becauſe it was not fully anſwered, and becauſe alſo there is 
great difference of braſs upon the ſcore of the lapis calaminaris, whereof, together with 
copper, it is made, I enquired of the workman who uſed to turn great quantities of braſs, 
whether he did not often after find it more ſtrong; and he informed me that he did, the 
ſmell being ſometimes ſo ſtrong as to be offenſive to ſtrangers that came to his ſhop and 
were not uſed to it. a | 
T PROCEED now to the effluviums of ſolid and hard bodies; of which, if moſt of our 
corpuſcularian philoſophers and divers others be not much miſtaken, I may be allowed 
to give inſtances in all electrical bodies, which, as I have already noted, muſt according 
to their doctrine be acknowledged to operate by ſubſtantial emanations : now among 
electrical bodies I have obſerved divers that are of fo cloſe a texture that aqua fortis itſelf, 
nor ſpirit of ſalt, will work upon them, and to be ſo hard, that ſome of them will ſtrike 
fire like flints : of the former ſort I have found divers gems which I named in my notes 
about electricity; and even the cornelian itſelf, which I found to attract hairs, though 
it be thought to be of a much lighter texture than precious ſtones, did yet reſiſt aqua 
fortis, as 1 tried in a large ring brought out of the Eaſt-Indies, which I purpoſely broke, 
and reduced ſome part of it to powder, that 1 might make theſe and ſome other trials 
with it: rock cryſtal alſo, though it have a very. manifeſt attractive virtue, as they call 
it, I have yet found it ſo hard as to ſtrike fire rather better than worſe than ordinary 
flints: and to ſhew that no hardneſs of a body is inconſiſtent with its being electrical, I 
ſhall add, that though diamonds be confeſt to be the hardeſt bodies that are yet known 
in the world, yet frequent experience has aſſured me, that even theſe, whether raw or 
poliſhed, are very manifeſtly and ſometimes vigorouſly enough electrical. 

AND to let you fee that I need not to have recourſe to this kind of bodies, to prove 
that very ſolid ones are capable of effluvia, I will, to what I have formerly noted about 
the odour of black marble, ſubjoin two or three examples of the like nature. 

Tus firſt ſhall be taken from a ſort of concretions very well known in divers parts of 
Ttaly by the name of cugoli, becauſe of the great uſe that is made of it by the glaſs- 
men; theſe concretions, you will eaſily believe, are very hard, as other minerals of that 
ſort are wont to be; and yet being invited by my conjectures about the atmoſpheres of 
bodies to try them by rubbing them one againſt the other, I found, as I expected, 
that they afforded not only a perceptible but a very ſtrong ſmell, which was far from 
that of a perfume. 

AnD this brings into my mind, that having met with ſome ſtones cut out of human 
bladders, whoſe texture was ſo cloſe that I could not with corroſive menſtruums make 
any ſenſible ſolution of one, whereon I made my trial, though, to facilitate the liquors 
operation, part of it were reduced to fine powder; yet by a little rubbing of one of theſe 
ſo cloſcly contexed ſtones, it would preſently afford a rank ſmell, very like the ſtink of 
flale urine. 

I REMEMBER I have cauſed iron to be turned with a lath, to examine, whether by the 
internal commotion that would by that operation be produced in the corpuſcles of the 

metal, even that ſolid as well as ponderous body would not become capable of being 
{meiled ; and though by reaſon of the nature of that parcel of iron whereon we made 
our trial, or ſome accidental diſpoſition which was at that time (being winter) in my 
organs of ſmelling, the odour ſeemed to me but very faint; yet upon the inquiry I made 
of the artificers, whether in turning greater pieces of iron they did not find the {mell 
2 has | ftrongo 3. 
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ſtronger; they told me that they often found it very ſtrong, and ſometimes more ſo 
than they deſired. 

Ax p this brings into my mind what I have carefully obſerved in grinding of iron 
for there are many grindſtones ſo qualified, that in caſe iron inſtruments be held upon 
the ſtone, whilſt it is nimbly turned under it, though the water that is wont to be uſed 
on ſuch occaſions ſtifles, if I may ſo ſpeak, the ſmell, and keeps it from being com- 
monly taken notice of ; yet if you purpoſely cauſe, as I remember I have done, the uſe 
of water to be forborn, your ſucceſs will not be like mine, if you do not find that ſtore 
of fœtid exhalations will be produced: and though it be not always ſo eaſy to diſcern 
by the ſmell from which of the two bodies they iſſue, or whether they proceed from 
both, yet it ſeems probable enough that ſome of the ſteams come from the iron, and it 
is more than probable that if they proceed not from that metal, they muſt from a body 
that is ſo hard as to be able to make impreſſions, in a trice, upon iron and ſteel them- 
ſelves. x 

Tas laſt example I ſhall name under this head, is furniſhed me by marchaſites, ſome 
of which would, after a ſhort concuſſion without external heat, be made to exhale for a 
pretty while together a ſtrong ſulphureous odour, and yet were ſo hard, that when 
ſtruck with a ſteel-hammer (which would not eaſily break them) they afforded us ſuch a 
number of ſparks as appeared ſtrange enough; and it is known that it is from their 
diſpoſition to ſtrike fire (which yet I dare not attribute to all ſorts of marchaſites) that 
this kind of mineral is, by a name frequently to be met with in writers, called pyrites : 
and in this example we may take notice, that a body capable of being the ſource of cor- 
poreal emanations may be at once both very ſolid and very ponderous. 

IT remains now that I manifeſt, that even the fixedneſs of bodies is not incompatible 
with their diſpoſition to emit efluviums, g 

I MIGaT alledge on this occaſion that the regulus of antimony and alſo its glaſs, though 
they muſt have endured fuſion to attain their reſpective forms; yet they will without 
heat communicate to liquors antimonial expirations, with which thoſe liquors being im- 
pregnated, become emetick and purgative; I might alſo add, that divers electrical bodies 
are very fixed in the fire, and particularly that cryſtal, as we have more than once tried, 
will endure ſeveral ignitions and extinctions in water, without being truly calcined, being 
indeed but cracked into a great multitude of little parts; but becauſe the above named 
antimonial bodies will after a while fly away in a ſtrong fire, and becauſe the effluviums 
of cryſtal are not ſo ſenſible as thoſe which can immediately affect our eyes or noſtrils, 
I will here ſubjoin one inſtance, ſuch as I hope will make it needleſs for me to add any 
more, it being of a body which muſt have ſuſtained any exceeding vehement fire, and 
is looked upon by moſt of the chemiſts as more undeſtroyable than gold itſelf; and that 
is glaſs, which is able, as you know, to endure ſo great a brunt of the fire, that you 
did not perhaps imagine 1 ſhould of all bodies name it on this occaſion, but my conjec- 
tures about the atmoſpheres of bodies leading me to think that glaſs itſelf might afford 
me a confirmation of them, I quickly found, that by rubbing a very little while two 
lolid pieces of it (not, as I remember, of the finer ſort) one againſt the other, they 
would not only yield a ſenſible odour, but ſometimes ſo ſtrong an one as to be offenſive: 
by which you will eafily perceive why I told you above that I did not acquieſce in the 
Carteſian argument againſt electrical bodies performing their operations by emanations 
of their own ſubſtance, drawn from hence, that glaſs does attract light bodics, as indeed 
it does, though but weakly ; and yet is too fixed to emit efluviums, the contrary of 
which ſuppoſition the lately mentioned experiment, and by us often repeated, does ſuffi- 
Ciently evince. ; 
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From what other ſolid bodies, and that will endure the fire, I have, or have not been 
able to obtain ſuch odorous ſteams, it is not neceſſary to declare in this place, but may 
perhaps be done in another, | 

You may, I preſume, have taken notice, that, according to what I intimated a while 
ago, I have forborn in the precedent examples to mention thoſe effluvia of ſolid bodies 
that need the action of the fire to be obtained: but ſince the ſun is the grand agent of 
nature in the planetary world, and fince during the ſummer, and eſpecially at noon, and 
in ſouthern climates, his heat makes many bodies have little atmoſpheres that we cannot 
ſo well diſcern that they have conſtantly ; I ſee not why I may not be allowed to aſcribe 
atmoſpheres to ſuch bodies as I have obſerved to have them when the ſun ſhines upon 
chem; and allo to think, that the like may be attributed, at leaſt ſometimes, to ſuch 
other bodies as will do the things uſually performed by effluviums when yet they are ex- 
cited but by an external heat, which exceeds not that of the hot ſun. 

Or theſe two ſorts of bodies I ſhall for brevity's ſake name but two or three examples, 
and then haften to a concluſion. 

Tux firſt of theſe I muſt make bold to borrow from my obſervations about electricity, 
among which this is one, that to ſhew that the particular and uſual manner of exciting 
ſuch bodies, namely by rubbing them, is not always neceſſary, I took a large piece of 
good amber, and having in a ſummer morning, whilſt the air was yet freſh, tried, that 
it would not without being excited attract a light body I had expoſed to it, I removed 
it into the ſun's beams, till they had made it moderately hot, and then I found according 
to my expectation, that it had acquired an attractive virtue, and that not only in one par- 
ticular place, as is uſually obſerved, when it is excited by rubbing, but in divers and 
diſtant places at once; at any of which it would draw to it the light body placed within 
a convenient diſtance from it; ſo that even in this climate of ours a ſolid body may 
quickly acquire an atmoſphere by the preſence of the ſun, and that long before the 
warmeſt part of the day. 

Tux next inſtance you will perchance think ſomewhat ſtrange, it being that, when for 
want of an opportunity to make the like trial in the warm ſun, I took a little but thick 
veſſel made of glaſs, and held it near the fire till it had got a convenient degree of heat 
(which was not very great, though it exceeded that which I had given the amber) I 
tound, as I had imagined, that the heat of fire had made even this body attraftive, as 
that of the ſun had made the other. 

War degree of heat I have obſerved to be either neceſſary or the moſt convenient 
to excite electrical bodies according to their different natures (for the ſame degree will 
not indifferently ſerve for them all) this is not the propereſt place to declare, that it will 
"= more to our preſent purpoſe to make ſome ſhort reflection on what has been hitherto 

elivered. 

Ir ſeems then probably deducible from the foregoing experiments and obſervations, 
that a very great number, if not the greateſt part, even of conſiſtent bodies, whether 
animal, vegetable, or mineral, may emit effluviums, and that even thoſe that are ſolid 
may, at leaſt ſometimes, have their little atmoſpheres, though the neighbouring ſolids 
will often keep the evaporations from being every way ambient in reference to the bodics 
they iſſue from. | 

For as the inſtances hitherto alledged (which are not all that I could have named) do 
plainly ſhew that divers bodies, and ſome that have not been thought very likely, are 
ſuch as we ſpeak of; ſo ſeveral things induce me to believe that there may be many 


more of the like nature. 
Fes. 
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For firſt, very few, if any, have (that I know of) had the curioſity to make uſe of 
nice ſcales, which ſuch trials require, to examine the expirations of inanimate bodies, 
which if they ſhall hereafter do, I make little doubt but they will light on many things 
that will confirm what we have been propoſing, by their finding that ſome bodies which 
are not yet known to yield exhalations, do afford them, and that many others do part 
with far more copious ones than is imagined: for one would not eaſily have thought that 
ſo extremely cold a body as a ſolid piece of ice ſhould make a plentiful evaporation of 
itſelf in the cold air of a freezing night; or that a piece of wood that had long lain in- 
the houſe and was light enough to be conveniently hung for a long time at a balance that 
would loſe its æquilibrium with, as I remember, half a quarter of a grain, ſhould in leſs 
than a minute of an hour ſend forth ſteams enough to make the ſcales manifeſtly turn, 
and that in winter. 

Bur ſuppoſing (which is my ſecond conſideration) that trials were made with good in- 
ſtruments for weighing; though it will follow, that in caſe the expoſed body grow lighter, 
ſomething exhales from it, yet it will not follow, that if no diminution of weight be diſ- 
covered by the inſtrument nothing that is corporeal recedes from it. I will not urge 
that it is affirmed, not only by the generality of our chemiſts, but by learned modern 
phyſicians, that when either glaſs of antimony or crocus metallorum impregnate wine 
with vomitive and purgative particles, they do it without any decrement of their weight, 
becauſe the ſcales in apothecaries ſhops, and the little accurateneſs wont to be employed 
in weighing things, by thoſe that are not verſed in ſtatical affairs, made me, though 
not deny the tradition, which may perchante be true, yet unwilling to build upon ob- 
fervations, which to be relied on are to be very nicely made; and therefore I ſhall ra- 
ther take notice, that though the loadſtone be concluded to have conſtantly about it a 
great multitude of magnetical effluvia, which may be called its atmoſphere, yet it has 
not been obſerved to loſe any thing of its weight by the receſs of ſo many corpuſcles; 
but becauſe, if the Cartelian hypotheſis about magnetiſms be admitted, the argument 
drawn from this inſtance will not be ſo ſtrong as it ſeems, and as it otherwiſe would be, 
I ſhall add a more unexceptionable example; for I know you will grant me that odours 
are not diffuſed to a diſtance without corporeal emanations from the odorous body; and. 
yet, though good ambergris be, even without being excited by external heat, con- 


ftantly ſurrounded by a large atmoſphere, you will in one of the following diſcourſes find 
cauſe to admire how inconſiderable the waſte of it is. 


Ir it be ſaid, that in tract of time a decrement of weight may appear in bodies, that in- 


a few hours or days diſcovers not any; the objeCtion, if granted, oveithrows not our 
doctrine, it being ſufficient to eſtabliſh what we have been ſaying, it we have evinced. 
that the effluvia of ſome bodies may be ſubtle enough not to make the body by their 
avolation appear lighter in ſtatical trials that are not extraordinarily (and as it were ob- 
{tinately) protracted: and this very objection puts me in mind to add, that, for aughz 
we know, the decrement of bodies in ſtatical experiments long continued may be 
fomewhat greater than even nice ſcales diſcover to us; for how are we ſure that the 
weights themielves, which are commonly made of braſs (a metal very unfixed) may not 
in tract of time ſuffer a little diminution of their w ight, as well as the bodies counter- 
poiſed by them? and no man has, I think, yet tried whether glaſs, and even gold, may 
not in tract of time loſe of their weight, which, in caſe they ſhould do, it would not be 
ealily diſcovered unleſs we had bodies that were perfectly fixed, by compariſon to which 
we might be better aſſiſted, than by comparing them with brais we:gl.ts, or the like, 
uhich being themſelves leſs fixed will lole more than gold and glals. 
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on ſome other ſingle body, or at moſt ſmall number of bodies. 


have dieamed, that when a partridge or hunted deer has caſually ſet a foot upon the 


Of the Atmoſpheres 


My third and laſt conſideration is, that there may be divers-other ways, beſides thoſe 
furniſhed us by ſtaticks, of diſcovering the effluvia of ſolid bodies, and conſequently of 
ſhewing that it is not ſafe to conclude, that becauſe their operation is not conſtant or 
manifeſt, ſuch bodies do never emit any effluvia at all, and fo are uncapable to work by 
their intervention on any other body, though never ſo well diſpoſed to receive their ac- 
tion; and this I the rather deſite that you would take notice of, becauſe my chief 
(though not only) deſign in thoſe notes is (you know) to illuſtrate the doctrine of occult 
qualitiesz and it may conduce to explicate ſeveral of them to know that ſome particular 
bodies emit effluvia, though perhaps they do it not conſtantly and uniformly ; and though, 
perchance too, they do not appear to emit any at all, if they be examined after the ſame 
manner with other exhaleable bodies, but only may be made to emit them by ſome peculiar 
way of handling them, or appear to have emitted them by ſome determinate operation 


PercHaANCE you did not think, until you read what I lately told you about glaſs, that 
from a body that had endured fo violent a fire, there could, by ſo ſlight a way as rub- 
bing a little while one piece againſt another, be obtained ſuch ſteams as may not only af. 
fect but offend the noſtrils : nor ſhould we eaſily believe, if experience did not aſſure us 
of it, that a diamond, that is juſtly reputed the hardeſt known body in the world, ſhould 
by a little rubbing be made to part with electrical effluvia; nay (that I may give ſome 
kind of confirmation to that part of the laſt paragraph that ſeems moſt to need it) [ 
ſhall add, that I once had a diamond not much bigger than a large pea, which had 
never been poliſhed or cut, whoſe electrical virtue was ſometimes ſo eaſily excited, that 
if I did but paſs my fingers over it to wipe, the virtue would diſcloſe itſelf; and if, as 
ſoon as I had taken it out of my pocket, I applied a hair to it, though I touched not 
the ſtone with my fingers, that I might be ſure not to rub it, that hair would be attracted 
at ſome diſtance, and many times one after another, eſpecially by one of the ſides of the 
ſtone (whoſe ſurface was made up of ſeveral almoſt triangular planes); and though this 
excitation of the diamond ſeemed to proceed only from the warmth that it had acquired 
in my pocket, yet I did not find that that warmth, though it ſeemed not to be altered, 
had always the ſame effect on it, though the wiping it with my finger failed not (that 
I remember) to excite it: ſomething like this uncertainty I always obſerved in another 
diamond of mine, that was much nobler than the firſt and very well poliſhed, and in a 
ſmall ruby that I have yet by me, which would ſometimes be conſiderably electrical 
without being rubbed, when I but wore the ring it belonged to on my little finger ; and 
ſometimes again it ſeemed to have loſt that virtue of operating without being excited by 
friction, ard that ſometimes within a few minutes, without my knowing whence ſo quick 
a change ſhould proceed. But I muſt inſiſt no longer on ſuch particulars of which J 
elſewhere ſay ſomething z and therefore I proceed to take notice that we ſhould ſcarce 


ground, that part where the footſtep hath been (though inviſibly) impreſſed, ſhould 
continue for many hours a ſource of corporeal effluxes, if there were not ſetting- dogs, 
and ſpaniels, and blood-hounds, whoſe noſes can take notice at that diſtance of time of 
ſuch emanations, though not only other ſorts of animals, but other ſorts of dogs are un- 
able to do fo, 

I saw a ſtone in the hands of an academick, an acquaintance of mine, which I ſhould 
by the eye have judged it to be an agate, not a blood- ſtone; and conſequently I ſhould not 
have thought that it could have communicated medicinal effluvia appropriated to exceſſive 


bicedings, if che wearer of it had not been ſubject to that diſeaſe, and had not often ry 
bot 


Of Confitent Bodies. 


both himſelf and others by wearing this ſtone about his neck; which if he left off, as 
ſometimes he did for trial's ſake, his exceedingly ſanguine complexion (to which I have 
rarely ſeen a match) would in a few days caſt him into relapſes : what 1 have elſewhere 
rold you about the true virtues of ſome ſtones (for I fear that moſt of thoſe that are 
wont to be afcribed to them are falſe) may give ſome confirmation to what I have been 
delivering, which 1 cannot now ſtay to do, being to draw to a concluſion as ſoon as 1 
have put you in mind, that it would not probably have ever been expected that ſo pon- 


derous and ſolid a body as the loadſtone ſhould be environed by an atmoſphere, if iron 


had been a ſcarce mineral, and had not chanced to have been placed near it. 


Axp with this inſtance I ſhall put an end to theſe notes, becauſe it allows me to 


make this reflection, that ſince ſolid bodies, may have conſtant atmoſpheres about them, 
and yet not diſcover that they have ſo, but by their operation upon one particular body, 
or thoſe few which participate of that; and ſince there are already (as we have ſeen) 
very differing ways whereby bodies may appear to be exhaleable, it is not unlikely that 
there may be more and more bodies (even of thoſe that are ſolid and hard) found to emit 


efluvia, as more and more ways of diſcovering that they do ſo, ſhall either by chance or 
induſtry be brought to light. | 
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INVENTION 


Eſtimating the Weight of Water in Water, with 
ordinary Balances and Weights. 


Firſt Printed in the PRILOSOrHICAL TRANSACTrIoNs, No. L. 


P- IOO. 
<< FF\HE author of this invention is the noble Robert Boyle; who was pleaſed to 
= comply with our defires of communicating it in Engliſh to the curious in Eng- 


land, as by inſerting the ſame in the Latin tranſlation of his Hydroſtatical Paradoxes 
he hath gratified the ingenious abroad: and it will doubtleſs be the more welcome, 
for as much as no body we know of hath ſo much as attempted to determine, how 
* much water may weigh in water; and poſſibly if ſuch a problem had been propoſed 
„it would have been judged impracticable. 

Tux method or expedient he made uſe of to perform it as near as he could, may 
© be eaſily learned by the enſuing account of a trial or two he made for that purpoſe, 
«© which among his notes he cauſed to be regiſtered in the following words.” 

A glaſs-bubble of about the bigneſs of a pullet's egg was purpoſely blown at the flame 
of a lamp, with a ſomewhat long ſtem 'turned up at the end, that it might the more 
conveniently be broken off: this bubble being well heated to rarefy the air and thereby 
drive out a good part of it, was nimbly ſealed at the end, and by the help of the 
figure of the ſtem was by a convenient weight of lead depreſſed under water, the lcad 
and glaſs being tied by a ſtring to one ſcale of a good balance, in whoſe other there was 
put ſo much weight as ſufficed to counterpoiſe the bubble as it hung freely in the midſt 
of the water, then with a long iron forceps I carefully broke off the ſealed end of the 
bubble under water, ſo as no bubble of air appeared to emerge or eſcape through the 
water, but the liquor by the weight of the atmoſphere ſprung into the unrepleniſhed 
part of the glaſs-bubble, and filled the whole cavity about half full; and preſently, as 


I foretold, the bubble ſubſided and made the ſcale it was faſtened to preponderate . 
muc 


An Invention for Eftimating the Wei ght of Water, &c. 


much that there needed four drachms and 38 grains to reduce the balance to an æquili- 
brium; then taking out the bubble with the water in it, we did, by the help of the 


flame of a candle, warily applied, drive out the water (which otherwiſe is not eaſily ex- 


cluded at a very narrow ſtem) into a glaſs counterpoiſed before; and we found it, as we 


expected, to weigh about four drachms and thirty grains, beſides ſome little that re- 


mained in the egg, and ſome {mall matter that may have been rarefied into vapours,. 
which, added to the piece of glaſs that was broken off under water and loſt there, might 


very well amount to ſeven or eight grains; by which it appears not only that water hath 
ſome weight in water, but that it weighs very near * or altogether as much in water as 
the ſelf ſame portion of liquor would weigh in the air. | 

Tux ſame day we repeated the experiment with another ſealed bubble larger than the 
former, being as big as a great hen-egg, and having broken this under water, it grew 
heavier by ſeven drachms and thirty- four grains; and having taken out the bubble and 
driven out the water into a counterpoiſed glaſs, we found the tranſvaſated liquor to 
amount to the ſame weight, abating ſix or ſeven grains, which it might well have loſt 
upon ſuch accounts as have been newly mentioned. 


* This expreſſion was added,. to leave liberty for a further inquiry, whether the experiment which hereby 
appears convincing as to the main thing intended to be proved, may not admit the having ſomething fur- 
her debated and annexed about ſome circumftantial thing er other. 
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The Coſmical Qualities of Things. 
Coſmical Suſpicions. | JEET 
The Temperature of the Subterraneal Regions. 
The Temperature of the Submarine Regions. 


The Bottom of the Sea. 


To which is prefixed, 


An Introduction to the Hiſtory of PAR TIcULAR QuALITIESò. 


An ADVERTISEMENT of che PUBLISHER to the READ ER. 


122 the noble author of the following tracts hath alſo written divers other ſhort 
diſcourſes upon ſeveral occaſions, yet, had he not been diverted from his purpoſe, 
he had continued to let them lie by him, intending, in caſe he ſhould ſuffer them to 
come abroad, to diſpoſe of them agreeably to a deſign that it is not neceſſary the reader 
ſhould be now acquainted with. 

In the mean while, ſeveral virtuoſi, to whom ſome of theſe tracts had been ſhewn 
and with whom the matters handled in ſome others had been diſcourſed, did, out of a 
cw (as they gave out) for the commonwealth of learning, preſſingly repreſent to the 
author : | 

FirsT, That divers of theſe looſe tracts, having little or no dependency upon one 
another, might without inconvenience be publiſhed apart, in what number and order the 
author ſhould plcate. | 

SECONDLY, That ſince his main deſign in theſe, as well as his other phyſical writings, 
was to provide materials for the hiſtory of nature, -it would be thought enough that wy 


— — — Ä — 


Trafts about the Comical Qualities of Things, &fc. 


be ſubſtantial and fit for the work, in what order or aſſociation ſoever they ſhould hap- 
pen to be brought into the philoſophical repoſitory, 


TriRDLY, That the communicating theſe tracts to the curious would be the beſt way 


to ſecure them from being loſt or embezzled, as ſome others of his papers have been, 
not only formerly but very lately. 

FourtTHLY, That the kind reception the curious had given to what he had hitherto 
preſented them, might well invite, if it did not oblige him, not to envy them the early 
uſe of thoſe experiments and hints, which will, probably before the time wherein his 
deſign would ſuffer them to come abroad, prove ſerviceable to philoſophy, by ſetting 
divers inquiſitive heads on work, exciting the curioſity of ſome, and exerciſing the in- 
duſtry of others. 

LasTLY, That, as of the pieces, he had hitherto publiſhed (except where his own 
backwardneſs had expreſſedly interpoſed) the firſt edition had not long been the only, 
ſo probably within a moderate ſpace of time, another edition of thoſe tracts he ſhould 
firſt put out, would both allow him to increaſe their number and change their order as he 
ſhould judge moſt expedient, and (in caſe he ſhould in the mean while return to his 
library) recruit his diſcourſes with thoſe paſſages that he deſigned to borrow for them 
thence, 

Bur though theſe conſiderations, joined to the earneſtneſs of the perſons that made 
them, and the juſt reſpect he had for them, rendered it uneaſy for him to refiſt their 
perſuaſions, yet they never obtained an actual compliance, until they were aſſiſted by 
ſuch an unhappy juncture of ſickneſs and buſineſs, as, leaving him ſmall hopes of accom- 
pliſhing his firſt intentions in any reaſonable time, made him conſent to ſend away to the 
preſs ſome of thoſe tracts that he found the leaſt unready for it, in the order wherein they. 
chanced to come to his hands; which being thus repreſented, the conſidering and inge- 


nious reader will ſoon find what cauſe there is, and how much it concerns the advance-- 


ment of valuable philoſophy, that, ſince this excellent author hath (to the publiſher's 
knowledge, as alſo was inſinuated above) many other rare tracts of a philoſophical na- 
ture in ſtore, he be ſolicited from time to time that he would be pleaſed, according to. 
the meaſure of health he ſhall enjoy, to impart with all poſſible ſpeed thoſe diſcourſes 
which tend to the enlargement and progreſs of uſeful knowledge, maugre all envy and 


malice.. 
H. O. 
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PARTICULAR QUALITIES. 


CHAPTER I. 


HE paſt diſcourſe has, I hope, Pyrophilus, given you ſome tolerable account 

both of the nature and of the origin of qualities in general ; wherefore it now 
follows that we proceed to qualities in particular, and conſider how far the manner where- 
by they are produced, and thoſe other phænomena of them that we ſhall have occaſion 
to take notice of, will accord with, and thereby confirm the doctrine I have hitherto 
propoſed z and whether they will not, at leaſt, much better comport with that, than 
with the opinions either of the peripateticks or the chymiſts. 

I SHALL not ſpend time to enquire into all the ſeveral ſignifications of the word qua- 
lity, which is uſed in ſuch various fenſes, as to make it ambiguous enough; ſince by 
the ſubſequent diſcourſe it will ſufficiently appear in which of the more uſual of thoſe 
ſignifications we employ that term. But thus much I think it not amiſs to intimate in 
this place, that there are ſome things that. have been looked upon as qualities which ought 
rather to be looked upon as ſtates of matter, or complexions of particular qualities, as 


animal, inanimal, &c. health and beauty, which Jaſt attribute ſeems to be made up of 


ſhape, ſymmetry, or comely proportion, and the pleaſantneſs of the colours of the par- 
ticular parts of the face. And there are ſome other attributes, namely, ſize, ſhape, mo- 
tion, and reſt, that are wont to be reckoned among qualities, which may more conve- 
niently be eſteemed the primary modes of the parts of matter; ſince from theſe ſimple 
attributes, or primordial affections, all the qualities are derived. But this conſideration 


relating to words and names, I ſhall not inſiſt upon it. 


Nor do I think it worth while to enumerate and debate the ſeveral partitions that 
have been made of qualitics (of which I have met with divers, and could perchance my- 
ſelf increale the number of them) for though one that were diſpoſed to criticize upon 
them, would not perhaps acquieſce in any of them, but look upon them as being more 


arbitrary, than grounded upon vn attentive conſideration of the nature of the things them- 


ſelves z yet becauſe it ſeems not to me ſo caſy to make an accurate diſtribution of qualities, 
till ſome things that concern them be better cleared up than yet they are, I ſhall content 
my {cif for the preſent, to propoſe to you one of the more received diviſions of phy ſical 
qualities (for you know 1 do not pretend to treat of any other) allowing myſelf the 
liberty of making, where there ſeems cauſe, the members of the diſtritu:ion ſomewhat 

2 | more 
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more comprehenſive. We will then, with many of the moderns, divide phyfical quali- 
ties into Manifeſt and occult; and reſerving the latter to be treated of apart, we will 
diſtribute the former into firſt, ſecond, and third; to the two laſt of which we will re- 
ſerve divers qualities not wont to be treated of by ſchool writers of phyſical ſyſtems, 
which, for diſtinction ſake, we may without much inconveniency ſtile ſome of them the 
chemical qualities of things, becauſe as Ariſtotle and the ſchool- men were not acquainted 
with them, ſo they have been principally introduced and taken notice of by means of 
chemical operations and experiments; ſuch as are fumigation, amalgamation, cupella- 
tion, volatilization, precipitation, &c. by which operations, among other means, cor- 
poreal things come to appear volatile or fixed, ſoluble or inſoluble in ſome menſtruums, 
amalgamable or unamalgamable, capable or uncapable to precipitate ſuch bodies, or be pre- 
cipitated by them, and, in a word, acquire or loſe ſeveral powers to act on other bodies, 
or diſpoſitions to be wrought on by them ; which attributes do as well deſerve the name 
of qualities, as divers other attributes to which it is allowed. And to theſe chemical 
qualities we may add ſome others, which, becauſe of the uſe that phyſicians either only, 
or above other men make of them, may be called medical, whereby ſome bodies taken 
into that of a man are deoppilating, others inciding, reſolving, diſcuſſing, ſuppurat- 
ing, abſterſive of noxious adherences, and thickening the blood and humours, being 
aſtringent, anodinous or appeaſing pain, &c. for though ſome of the faculties of medi- 
cines, as thoſe of heating, cooling, drying, attenuating, purging, &c. may be conve- 
niently enough referred to the firſt, ſecond, or third qualities wont to be mentioned by 
naturaliſts, and others are wont to be reckoned among occult ones ; and though theſe 
medical qualities are wont to be treated of by phyſicians, yet it ſeems to me that divers 
of them ought not to be referred to the qualities to which they are wont to be ſo; 
and the handling of them may be looked upon as a deſideratum in natural philoſophy, 
and may well enough deſerve a diſtinct place : there; ſince the writers of that ſcience are 
not wont to treat of them at all, and phyſicians handle them as phyſicians, whom it 
concerns but to know what bodies are endowed with them, and what good or ill effects 
they may have upon human bodies, not as naturaliſts, whoſe buſineſs it is to enquire 
into the production and cauſes of thoſe as well as of other qualities, 


F 


BRrokE we deſcend to the mention of any of theſe particular qualities, I think it very 
expedient to ſpend a little time in conſidering three grand ſcruples about our and the 
corpuſcularian doctrine touching qualities, which three difficulties, though I remember 
to have found them expreſly objected by the adverſaries of the corpuſcularian philoſo- 
phy, nor (perhaps only for that reaſon) to have been purpoſely ſolved by the patrons 
of it, are yet ſuch, that having been ſuggeſted to me by conſidering the nature cf the 
thing, I cannot but fear that they alſo may occur to and trouble you; ſince they ſeem to 
me of that importance, that unleſs they be removed, they may very much prejudice the 
| reception of a good part of what I am to deliver about particular qualities. 

THE fuſt of the above mentioned objections is grounded upon the received opinion of 
vulgar and Arittotelian philoſophers, that diverſity of qualities muſt needs flow from 
ſubltantial forms, either becauſe it is part of their nature to be the principals of proper- 
tics, and peculiar operations in the bodies they inform; or elſe becauſe divers of them 
are luch, that no mixture of the elements is capable of producing them. 

Or 
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Or the two ſuppoſitions whereon this difficulty is founded, we have already ſhewed' 
the former to be unfit to be admitted, by what has been faid in our examen of ſubſtantia} 
and ſubordinate forms; and therefore it will only remain that we examine alſo this ſecond 
ſuppoſition, which may therefore deſerve the greater conſideration, becauſe it is much 
preſſed and relied on by the learned Sennertus (and his followers) who improves the argy. 


ment by this addition, that as no bare mixture of the elements, ſo no general forma 
miſtionis (ſuch as divers of the moderns have introduced to help out the hypotheſis) is ſut- 


_ ficient to give an account of divers qualities, which he ſomewhere reckons up. 


Bur, in the firſt place, whereas the propoſers of this difficulty take it for granted that 
there are four elements, from whoſe various mixtures all other ſublunary bodies ſpring, 


and are therefore only ſolicitous to prove that ſuch and ſuch qualities cannot flow from 


their mixture; I need not much concern myſelf for their whole diſcourſe, ſince I admit 
not that hypotheſis of the four elements that is ſuppoſed in it ; and yet I may be allowed 
to obſerve from hence, that by the confeſſion of thoſe modetn peripateticks that urge 
this argument, thoſe ancient and other Ariſtotelians were miſtaken, who aſcribed to the 
mixture of the elements effects, for which theſe maintain them to be incompetent, 
Bur ſince replies of this nature do rather concern the objectors than the objection, I 
proceed to conſider the difficulty itſelf, not only as it may be propoſed by peripateticks, 
but by chemiſts, who, though ſome of them do not with others of their ſect allow of 
the four elements, do yet agree with the ſchools in this, that there is a determinate 
number of ingredients of compounded bodies, from whoſe mixture and proportion many 
qualities muſt be derived ; and thoſe that cannot, muſt be reſolved to flow from a 
higher principle, whether it be a ſubſtantial form, or ſomething for which chemiſts have 
ſeveral names, though, I doubt, no ſettled and inteliigible notion. & 

To conſider then the difficulty itſelf, I ſhall for the removal of it preſent to you four 
principal conſiderations, TER | | 

Bur before I begin by any of theſe to anſwer the objection, 1 ſhall readily acknow- 
ledge, that in ſome reſpects, and in ſome caſes, it may not be ill grounded; but I ſhall 
add, that in thoſe caſes I look upon it rather as a part of the corpuſcularian dottrine than 
an objection againſt it; for when it happens that there is a ſtrict connexion betwixt that 
modification of matter which is requiſite to exhibit one phenomenon, and that from 
which another will neceſſarily follow; in ſuch caſe we may not only grant, but teach, 
that he, who by a change of its texture gives a portion of matter the former modifica- 
tion, does likewiſe qualify it by the ſame change to exhibit the congruous phænome- 
non; though one would not perchance ſuſpect them to have any ſuch dependence upon 
one another, As for inſtance, ſtrong ſpirit of diftilled vinegar, by virtue of its being an 
acid ſpirit, hath the faculty to turn ſyrup of violets red; but if by making with this 
ſpirit as ſtrong a ſolution as you can of coral, or ſome ſuch body, you deſtroy the 
acidity of the ſpirit of vinegar ; this liquor, as it has quite another taſte, ſo it may, and 
indeed will, have another operation than formerly upon ſyrup of violets. For I remem- 
ber that upon a trial I purpoſely deviſed to illuſtrate this matter, I found that the lately 
mentioned ſolution, and ſome others made with ſpirit of vinegar, would preſently, like 
an alkalizate or urinous ſalt, turn ſyrup of violets from; its native blue, not any longer 
into a red, but into a lovely green; and proſecuting the experiment a little farther, I 
found that ſpirit of ſalt itſelf deflegmed by a fit concrete, though the ſolution were hor- 
ribly ſtrong, had yet the ſame effect on ſyrup of violets. But becauſe the caſes where 
the above-mentioned connexion of qualities and modifications occur, are comparatively 
but few, I ſhall here conſider them no farther, but proceed to the four particulars I was 


lately propoſing. p 
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Axp in the firſt place, I fay, that things may acquire by mixture very differing qua- 
lities from thoſe of any of the ingredients, : 

Or this I ſhall have occaſion to give a multitude of inſtances in the following notes 
upon particular qualities z and therefore it may now ſuffice to mention two or three, 
that are the more obvious in the laboratories of chemiſts ; as, that ſugar of lead is ex- 
tremely ſweet, though the minium, and the ſpirit of vinegar of which it is made, be the 
former of them inſipid, and the latter ſour. And though neither aqua regis, nor crude 
copper, have any thing in them of blue, yet the ſolution of this metal in that liquor is 
of a deep blue; and ſometimes I have had the ſolution of crude mercury in good aqua 
fortis of a rich green, though it would not long continue ſo: and of ſuch inſtances 
you will, as I was ſaying, hereafter meet with plenty. So that they are much miſ- 
taken who imagine either that no manifeſt qualities can be produced by mixture, except 
thoſe that reſide in the elements, or reſult immediately from the combinations of the 
four firſt qualities. For not to repeat what variations the mixtures of the moſt 
ſimple ingredients only may produce; it is manifeſt that nature and art muſt con- 
tinually make mixtures of bodies, both of already compounded bodies, as when aſhes 


and ſand compoſe the common coarſe glaſs, and when nature combines ſulphur with 


unripe vitriol, and perhaps other ſubſtances in a marchaſite ; and alſo of bodies already 
decompounded, as native vitriol is made in the bowels of the earth of an aqueous liquor 
impregnated with an acid ſalt, and of a cupreous or martial mineral, ſtrictly united 
both to a combuſtible ſulphureous ſubſtance, and to another body of a more fixed ter- 
reſtrial nature. And thus artificers may eaſily, as trial hath aſſured me, produce new 
and fine colours, by (kilfully mixing in the flame two pieces of ammels (which are already 
decompounded bodies) of colours more ſimple or primary than that which reſults from 
their colliquation. And this way of ſo combining bodies, not ſimple or elementary, 
will be acknowledged capable of being made much more fertile in the production of va- 
rious qualities and phenomena of nature, if you conſider how much the variation of the 
proportion of the ingredients in a mixed body may alter the qualities and operations of 
it, and that proportion is capable of being varied almoſt in infinitum. Thus much may 
ſuffice for our firſt conſideration ; eſpecially ſince divers things by which it may be much 
confirmed, will be met with in the two following chapters. 

In the ſecond place I obſerve, that it is but an ill-grounded hypotheſis to ſuppoſe that 
new qualities cannot be introduced into a mixed body, or thoſe that it had before be 
deſtroyed, unleſs by adding or taking away a ſenſible portion of ſome one or more of the 
Ariſtotelian elements, or chemical principles; for there may be many changes as to qua- 
lity produced in a body without viſibly adding or taking away any ingredient, barely by 
altering the texture, or the motion of the minute parts it conſiſts of: for when (for in- 
ſtance) water hermetically ſealed up in a glaſs is by the cold of the winter turned into ice, 
and thereby both loſeth its former fluidity and tranſparency, and acquires firmneſs, 
brittleneſs, and oftentimes opacity, all which qualities it loſeth again upon a thaw ; in 
this caſe, I ſay, I demand what clement or hypoſtatical principle can be proved to ger 
into, or out of this ſealed glaſs, and by its intruſion and receſs produce theſe alterations 
in the included body. And ſo in that fixed metal, ſilver, what ſenſibl: acceſſion 
or decrement can be proved to be made as to ingredients, when by barely hammering 
it {which doth but change the ſituation and texture of the parts) it ac quires a brittlenets, 
which by ignition, wherein it doth not ſenſibly loſe any thing, it may preſently be made 
to exchange for its former malleableneſs ? And the ſame experiment gives us an inſtance 
alſo that the inviſible agitation of the parts may alone ſuffice to give a body, at leaſt for 
a while, new qualities; ſince a thick piece of ſilver nimbly hammered will quickly ac- 
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quire a conſiderable degree of heat, whereby it will be enabled to melt ſome bodies, 
to dry others, and to exhibit divers phænomena that it could not produce when cold. 
I might add, that ſpirit of nitre moderately ſtrong, though when included in a well. 


ſtopped phial in the form of a liquor it will appear diaphanous, and without any redneſs, 


will yet fill the upper part of the phial with red fumes, if the warm ſun-beams or any 
fit heat (though but externally applied, and though the glaſs continue cloſe ſtopped) do 
put the nitrous ſpirits into a ſomewhat briſker motion than they had or needed whilſt in 
the form of a liquor. I might alſo demand both what new element or principle is added 
to a needle, when the bare approach of a vigorous loadſtone endows it with: thoſe ad- 
mirable qualities of reſpecting the poles, and (in due circumſtances) drawing to it other 
needles; and what ingredient the ſteel loſes, when by a contrary motion of the load- 
ſtone, it is in a minute deprived of its magnetiſm. And to theſe I might ſubjoin divers 
like queſtions ; but of inſtances and reflections proper to confirm this ſecond conſidera- 
tion you may meet with ſo many, partly in another treatiſe, and partly in the enſuing 


chapters, that it will be needleſs to multiply them here. Wherefore in the third place 


I ſhall obſerve, that when we are conſidering how numerous and various phenomena ma 
be exhibited by mixed bodies, we are not to look upon them preciſely in themſelves; 
that is, as they are portions of matter, of ſuch a determinate nature or texture, but as 
they are parts of a world ſo conſtituted as ours is, and conſequently as portions of mat- 
ter, which are placed among many other bodies. For being hereby fitted to receive impreſ- 
ſions from ſome of thoſe bodies, and to make impreffions upon others of them, they 
will upon this account be rendered capable of producing, either as principal or auxiliary 
cauſes, a much greater number and variety of phænomena than they could exhibit, if 
each of them were placed in vacuo (or if a vacuum be a thing impoſſiole) in a medium, 
that could no way either contribute to, or hinder its operations. | 

Tr1s has been partly proved already in the diſcourſe of the origin of forms, and will 
be farther manifeſted ere long ; and therefore it may ſuffice, that of the particulars men- 
_ in thoſe writings, thoſe that are pertinent to this argument be mentally referred 
hither. | | 

WHeREFORE having thus diſpatched the third conſideration, I now proceed to the 
fourth and laſt, which is, that the four peripatetick elements and the three chemical prin- 
ciples are ſo inſufficient to give a good account of any thing near all the differing phæno- 
mena of nature, that we muſt ſeek for ſome more catholick principles ; and that thoſe of the 
corpuſcularian philoſophy have a great advantage of the other in being far more fertile 
and comprehenſive than they, I muſt not here ſtay to make full repreſentation of the 
deficiencies of the Ariſtotelian hypotheſis, having in other tracts ſaid much to. that pur- 
poſe already; but yet our preſent argument invites me to intimate theſe two things; the 
firſt, that ſuch phænomena as the conſtant and determinate ſhape and figure of the 
mountains our teleſcopes diſcover (together with their ſhadows) in the moon, and the 
ſtrange generation and periſhing of the ſpots of the ſun, to omit the differing colour of 
the planets, and divers other qualities of celeſtial bodies, cannot be aſcribed to the four 
elements, or their mixtures, nor to thoſe of the three chemical principles, which are a- 
lowed to be confined to the ſublunary region. And the ſecond, that there are very many 
phenomena in nature (divers of which I * elſewhere take notice of) ſeveral whereof neither 
the peripatetick nor the chemical doctrine about the elements, or the ingredients of 
bodies, will enable a man to give ſo much as any probable account; ſuch are the 
ecliples of the fun, the moon, and alſo the ſatellites of Jupiter, the proportion of the 
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acceleration of deſcent obſervable in heavy bodies, ebbing and flowing of the ſea, a great 
number of magnetical, muſical, ſtatical, dioptrical, catoptrical, and other ſorts of phæ- 
nomena, which haſte makes me here leave unmentioned. 

Anp having ſaid thus much about the firſt part of our propoſed conſideration, and 
thereby ſhewn that the vulgar doctrine about the ingredients of bodies falls very ſhort 
of being able to ſolve ſeveral kinds of nature's phænomena, we may add, in favour of 
the ſecond part, that it will follow in general, that it is fit to look out for ſome more 
pregnant and univerſal principles; and that, in particular, thoſe of the corpuſculary 
hypotheſis are, as to thoſe two attributes, preferable by far to the vulgar ones, will I 
hope appear by our anſwers to the two objections that remain to be examined in the 
two following chapters, to which that I might the more haſten, I thought fit to inſiſt 
the leſs upon the objection hitherto examined, eſpecially becauſe partly in this and the 
two next chapters, and partly elſewhere, I ſuppole there is contained a very ſufficient 
reply to that objection. And I confeſs I ſhould think it ſtrange that the conſideration 
of the various motions and textures of bodies ſhould not ſerve to ſolve far more phazno- 
mena than the bare knowledge of the number (and even that of the proportions) of 
their quieſcent ingredients; for as local motion is that which enables natural bodies to act 
upon one another, ſo the textures of bodies are the main things that both modify the 
motion of agents, and diverſify their effects according to the various natures of the 
patients. 


HA P.. III. 


I ENTER now upon the conſideration of the ſecond, and indeed the grand difficulty 
objected againſt the (corpuſcularian) doct rine propoſed by me about the origin of quali- 
ties, viz. that it is incredible that ſo great a variety of qualities as we actually find to be 
in bodies ſhould ſpring from principles ſo few in number as two, and fo ſimple as 
matter and local motion; whereof the latter is but one of the ſix kinds of motion 
reckoned up by Ariſtotle and his followers, who call it lation, and the former, being all 
of one uniform nature, is according to us diverſified only by the effects of local motion. 
Towards the ſolving this difficulty, J ſhall endeavour to ſhew, firſt, that the other ca- 
tholick affections of matter are manifeſtly deducible from local motion; and next, that 
theſe principles being variouſly aſſociated, are ſo fruitful, that a vaſt number of qualities 
andother phænomena of nature may reſult from them. | 

Tat fuſt of theſe will not take us up much time to make out; for ſuppoſing, what is 


evident, that the (1) local motion belonging to ſome parts of the univerſal matter dues 


not at all tend the ſame way, but has various determinations in ſeveral parts of that mat- 
ter, it will follow, that by local motion thus circumſtanced, matter muſt be divided 
into diſtinct parts; each of which being finite, muſt neceſſarily be of ſome (2) bignets 
or ſize, have ſome determinate (3) ſhape or other, 

AnD ſince all the parts of the univerſal matter are not always in motion, ſome of them 
being arreſted by their mutual implication, or having transferred (as far as our ſenſes in- 
form vs) all that they had to other bodies, the conſequence will be, that ſome of theſe 
Portions of the common matter will be in a ſtate of (4) reſt (taking the word in the 
Popular ſenſe of it). And theſe are the moſt primary and ſimple affections of matter. 

Bur becauſe there are ſome others that flow naturally from theſe, and are, though 
not altogether univerſal, yet very general and pregnant; I ſhell ſubjoin thoſe that are 
the molt fertile principles of the qualities of bodies and other phænomena of nature. 
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Moreover then not only the greater fragments of matter, but thoſe leſſer o 
which we therefore call corpuſcles or particles, have certain local reſpects to other bodies, 
and to thoſe ſituations which we denominate from the horizon; ſo that each of theſe 
minute fragments may have a particular (5) poſture or poſition (as erect, inclining, ho- 
rizontal, &c.) and as they reſpect us men that behold them, there may belong to them 
a certain (6) order or conſecution, upon whoſe account we ſay one is before or behind 
ar other; and many of theſe fragments being aſſociated into one maſs or body, have a cer- 
tain manner of exiſting together, which we call (7) texture, or by a word more compre- 
henſive, modification. And becauſe thefe are a very few bodies whoſe conſtituent parts 
can, becauſe of the irregularity or difference of their figures, and for other reaſons, touch 
one another every where ſo exquiſitely, as to leave no intervals between them, therefore 
almoſt all conſiſtent bodies, and thoſe fluid ones that are made up of groſſer parts, will 
have (8) pores in them, and very many bodies having particles, which by their ſmall. 
neſs, or their loofe adherence to the bigger, or more ſtable parts of the bodies they bes 
long unto, are more eaſily agitated and ſeparated from the reſt by heat and other agents; 
therefore there will be great ſtore of bodies that will emit thoſe ſubtle emanations-thax 
are commonly called (9) efluviums. And as thoſe conventions of the ſimple corpuſcles 
that are ſo fitted to adhere to, or be complicated with one another, conſtitute thoſe 


durable and uneaſily diſſoluble cluſters of particles that may be called the primary con- 


cretions or elements of things, ſo theſg themſelves may be mingled with one another, 
and fo conſtitute compounded bodies; and even thoſe reſulting bodies may, by being. 
mingled with other compounds, prove the ingredients of decompounded bodies, and 
fo afford a way whereby nature varies matter, which we may call (10) mixture, or 
compoſition z not that the name is ſo proper as to the pony concretions of corpul-- 
cles 3 but becauſe it belongs to a multitude of aſſociations, and ſeems to differ from tex- 


ture, with which it has ſo much affinity, as perhaps to be reducible to it, in this, that 


always in mixtures, but not ſtill in textures, there is required a heterogeneity of the 
component parts. And every diſtin portion of matter, whether it be a corpuſcle or a 
primary concretion, or a body of the firſt, or of any other order of mixts, is to be con- 
fidered, not as if it were placed in vacuo, nor as if it had relation only to the neigh+ 
bouring bodies, but as being. placed in the univerſe, conſtituted as it is, amongſt: 
an innumerable company of other bodies, whereof ſome are near it, and others very 
remote, and ſome are great and ſome ſmall; ſome particular and ſome catholick agents, 


and all of them governed as well by (11) the univerſal fabrick of things, as by the laws 


of motion eſtabliſhed by the author of nature in the world. 
Axp now, Pyropbilus, that we have enumerated 11 very general affections: of mat- 


ter, which with itſelf make up 12 principles of variation in bodies, let me on the be- 


half of the corpuſcularians apply to the origin of qualities a compariſon of the old 
atomiſts imployed by Lucretius, and others, to illuſtrate the production of an infinite 
number of bodies, from ſuch ſimple fragments of matter as they thought their atoms to 
be. For ſince of the 24 letters of the alphabet aſſociated ſeveral ways, as to the num. 
ber and placing of the letters, all the words of the ſeveral languages in the world may 


be made; fo, ſay theſe naturaliſts, by variouſly connecting ſuch and ſuch numbers of 
atoms, of ſuch ſhapes, ſizes, and motions, into maſſes or coneretions, an innumerable 
- multitude of different bodies may be formed. Wherefore, if to thoſe four affectiors of 


matter, which I lately called the moſt primary and ſimple, we add the ſeven other ways, 


whereby, on whoſe account, it may be altered, that are, though not altogether, yet 
- almoſt as catholick, we ſhall have eleven principles ſo fruitful, that from their various 


aſſociations may reſult a much vaſter multitude of phanomena, . and among __ | 
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qualities, than one that does not conſider the matter attentively would imagine. And 
to invite you to believe this, I ſhall deſire you to take notice of theſe three things. | 
Taz firſt is, that ſuppoſing theſe ten principles were but ſo many letters of the al 


phabet, that could be only put together in differing numbers, and in various orders, the 


combinations and other aſſociations that might be made of them, may be far more nu- 
merous than you yourſelf will expect, if you are not acquainted with the way of calculat- 
ing the number of differing aſſociations that may be made between ten things propoſed. 
The beft way I know of doing this is by algebra or ſymbolical arithmetick, by which it 
appears, that of ſo few things ſo many (a) aſſociations may be made, each of which 
will differ from every one of the reſt, either in the number of the things aſſociated, or 
in the order wherein they were placed. | 

Bur (which is the ſecond thing to be taken notice of) each of theſe ten producers of 
phænomena admits of a ſcarce credible variety. For not to deſcend ſo low as inſenſible 
corpuſcles (many thouſands of which may be requiſite to conſtitute a grain of muſtard 
ſeed) what an innumerable company of different bigneſſes may we conceive between the 
bulk of a mite, a crowd of which is requiſite to weigh one grain, and a mountain, or 
the body of the ſun, which aſtronomers teach us to be above an hundred and threeſcore 
times bigger than the whole terreſtrial globe. 

Aup ſo though (g) figure be one of the moſt ſimple modes of matter, yet it is capa- 
ble partly in regard of the ſurface, or ſurfaces of the figured corpuſcles (which may 
conſiſt of triangles, ſquares, pentagones, &c.) and partly in regard of the ſhape of the 
body itſelf, which may be either flat like a cheeſe, or lozenge; or ſpherical like a 
bullet; or elliptical, almoſt like an egg; or cubical like a dye; or cylindrical like a 
rolling ſtone; or pointed like a pyramid, or ſugar-loaf : figure, I ſay, though but a 
ſimple mode, is, upon theſe and other ſcores, capable of ſo great a multitude of differ- 
ences, that it is concerning them, and their affections, that Euclid, Apollonius, Archi- 
medes, Theodofius, Clavius, and later writers than he, have demonſtrated ſo many pro- 
poſitions. And yet all the hitherto named figures are almoſt nothing to thoſe irregular 
ſhapes, ſuch as are to be met with among rubbiſh, and among hooked and branched 
eee, &c. that are to be met with among corpuſcles and bodies; moſt of which 

ave no particular appellations, their multitude and their variety having kept men from 
enumerating them, and much more from particular naming them. 3 
To which let me add, that theſe varieties of figure and thape do alſo ſerve to modify 
the motion, and other affections of the corpuſcle endowed with them, and of the com- 
pounded body, whereof it makes a part. 
AND that the (y) ſhape and alſo ſize of bodies, whether ſmall or great, may exceeding- 
ly diverſify their nature and operation, I ſhall often have occaſion to manifeſt, and there- 
fore 1 ſhall now only give you a groſs example of it, by inviting you to conſider how 
many differing ſorts of tools and inſtruments, almoſt each of them fit for many different 
operations and uſes, ſmiths, and other not the nobleſt ſort of tradeſmen, have been able 
to form out of pieces of iron, only by making them of differing ſizes, and giving 
them differing ſhapes. For when I have named bodkins, forks, blades, hooks, ſciſſars, 
anvils, hammers, files, raſps, chiſſels, gravers, ſcrews, vices, ſaws, torers, wires, 
drills, &c, when (I fay) I have named all theſe, I have left a far greater number un- 
mentioned. * | 
So likewiſe (3) motion, which ſeems ſo ſimple a principle, eſpecially in ſimple bodies, 
may even in them be very much diverſified ; for it may be more or leſs ſwift, and that 
m an almoſt infinite diverſity of degrees; it may be ſimple or compounded, uniform 
or difform, and the greater celerity may precede or follow. Ihe body may move in 
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a. ſtraight, line, or in a circular, or in ſome other curve line, as elliptical, hyperbolical, 
parabolical, &c. of which geometricians have deſcribed ſeveral, but of which there may 
be in all 1 know not how many more; or elſe the body's motion may be varied according 
to the ſituation or nature of the body it hits againſt, as that is capable of reflecting it, 
or refracting it, or both, and that after ſeveral manners: the body may alſo have an 
. undulating motion, and that with ſmaller or greater waves; or may have a rotation 
about its own middle parts; or may have both a progreſſive motion and a rotation, and 
the one either equal to the other, or ſwifter than it, in almoſt infinite proportions, As 
to the determination of motion, the body may move directly upwards or downwards, 
decliningly or horizontally, eaſt, weſt, north, or ſouth, &c. according to the ſituation 
of the impellent body. And beſides theſe and other modifications of the motion of a 
ſimple corpuſcle or body, whoſe phænomena or effects will be alſo diverſified, as I partly 
noted already, by its bulk and by its figure : beſides all theſe, I ſay, there will happen 
a new and great variety of phænomena, when divers corpuſcles, though primogenial, 
and much more if they be compounded, move at once, and ſo the motion is conſidered 
in ſeveral bodies; for there will ariſe new diverſifications from the greater or leſſer 
number of the moving corpuſcles; from their following one another cloſe, or more at 
diſtance ; from the order wherein they follow each other; from the uniformity of their 
motion, or the confuſedneſs of it; from the equality or inequality of their bulk, and 
the ſimilitude or diſſimilitude of their figures; from the narrowneſs or wideneſs, &c. of 
the channel or paſſage in which they move, and the thickneſs, thinneſs, pores, and the 
conditions of the medium through which they move; from the equal or unequal cele- 
rity of their motion, and force of their impulſe : and the effects of all theſe are variable 
by the differing ſituation. and ſtrufture of the ſenſories, or other bodies on which theſe 
corpuſcles beat. ä | 
WHAT we have elſewhere ſaid to ſhew that local motion is, next the author of na- 
ture, the principal agent in the production of her phænomena, may I hope ſatisfy you 
that theſe diverſities in the motion of bodies may produce a ſtrange variety in their na- 
ture and qualities: and as I lately did, ſo I ſhall now adumbrate my meaning to you, 
by deſiring you to apply to our preſent purpoſe what you may familiarly obſerve in 
muſick; tor according as the ſtrings or other inſtruments of producing ſounds do trem- 
ble more or leſs ſwiftly, they put the air into a vibrating motion more or leſs briſk, 
and produce thoſe diverſities of ſounds, which muſicians have diſtinguiſhed into notes, 
which they have alſo ſubdivided, and whereto they have given diftin&t names. And 
though the bodies from whence theſe ſounds proceed, may be of very differing (: na- 
tures ; as metalline as wire, gut-ſtrings, bells, human voices, wooden pipes, &c. yet, 
provided they put the air into the like waving motion, the ſound and even the note 
will be the ſame ; which ſnews how much that greater variety which may be taken no- 
tice of in ſounds, is the effect of local motion. And if the ſound come from an inſtru- 
ment, as a Jute, where not only one ſtring hath its proper ſound, but many have among 
them ſeveral degrees of tenſion, ad are touched, ſometimes theſe, ſometimes thoſe, 
together z whereby more, or fewer, or none of their vibrations come to be coincident, 
they will ſo ſtrike the air, as to produce, ſometimes thoſe pleaſing ſounds we call con- 
cords, and ſometimes thoſe harſh ones we call diſcords. g 
Ir would take up too much time to inſiſt upon each of the ten remaining affections 
of matter that I lately enumerated and repreſented to you as exceeding fertile; and by 
what I elſewhere deliver about pores alone, and the many ſorts of phænomena, in 
which they may have an intereſt, I could add no ſmall confirmation to what has been 
hitherto difcourſed ; if the inſerting of it here would not enormouſly encreaſe the _ 
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of 'this paper, which I rather decline doing, becauſe what has been already faid of 
thoſe we have now, though we have but very briefly treated of, may, I hope, be ſuffici- 
ent to perſuade you that ſuch principles as theſe are capable of being made far more 
pregnant than one would expect ſo few principles ſhould be. And this perſuaſion will be 
much faciliated if we conſider how great a variety may be produced not only by the 
diverſifications that each ſingle principle (upon the ſcore of the attributes that may belong 
to it) is capable of; but much more by the ſeveral (C) combinations, that may be made 
of them, eſpecially conſidering withal that our external and internal ſenſes are ſo conſti- 
tuted, that each, or almoſt each of thoſe diverſifications or modifications may produce a 
diſtin& impreſſion on the organ, and a correſpondent perception in the diſcerning facul- 


ty; many of which perceptions, eſpecially if diſtinguiſhed by proper names, belong to 
the liſt of particular qualities, 


CR AF; IV, 


Tux - third and laſt difficulty that now remains to be conſidered, may be thus pro- 
poſed: that whereas, according, to the corpuſcularian hypotheſis, not only one or two 
qualities, but all of them proceed from the bigneſs and ſhape, and contexture of the mi- 
nute parts of matter, it is conſonant to their principles, that if two bodies agree in 
one quality, and ſo in the ſtructure on. which that quality depends, they ought to 
agree in other qualities alſo ; ſince thoſe do likewiſe depend upon the ſtructure wherein 
they do agree; and conſequently it will be ſcarce poſſible to conceive that two ſuch. 
bodies ſhould be endowed: with. ſo many differing qualities, as experience ſhews they. 
may. 

To illuſtrate this objection by an example, it is pretended that the whiteneſs of froth. 
proceeds from the multitude and hemiſpherical figure of the bubbles it is made up of. 
And if this or any other mechanical fabrick or contexture be the cauſe of whiteneſs, how- 
comes it to paſs that ſome white bodies are inodorous and inſipid, as the calx of hart- 
ſhorn ; others both ſtrongly ſcented and ſtrongly taſted, as the volatile ſalt of hartſhorn- 
or of blood; ſome diſſoluble in water, as ſalt of tartar; others indiſſoluble in that liquor, 
as calcined hartſhorn, &c. ſome fixed in the fire, as the bodies laſt named ; others 
fugitive, as powdered ſal armoniack ; fome incombuſtible, as ſalt of tartar z others very 
inflammable, as camphire. To which examples a greater variety of white bodies might 
be added, if it were neceſſary. | 

Tus I confeſs is a conſiderable difficulty may puzzle more than a novice in the cor- 
puſcularian philoſophy ; wherefore, to do ſomewhat in order to the clearing of it,. I ſhall: 
recommend to you the four following conliderations : | 

1. And firſt I ſhall conſider, that in the pores of viſible and ſtable bodies there. may be 
often lodged inviſible and heterogeneous corpuſcles, to which a particular quality that 
belongs to the body as ſuch, is to be referred. Thus we ſee in a perfumed glove, that 
in the pores of the leather odoriferous particles are harboured, which are of- quite ano- 
ther nature than the leather itſelf, and wholly adventitious to it, and yet endue it with 
the fragrancy, for which it is prized. A like example is afforded us in: raſberry wine 
made with claret ; for. the pleaſing ſmell is imparted to the wine, by. the corpuſcles of: 
the berries diſperſed per minima through the whole body of it. 

2, THe ſecond thing that I conſider is this, that oftentimes-corpuſcles of very differ-- 
ing natures, it they be but fitted to.convene, or to be put together after certain manners, 
which yet require no radical change to be made in their eſſential ſtructures, but only a 
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certain juxta-poſition or-peculiar kind of compoſition ; ſuch bodies, I ſay, may notwith: 
ſtanding their eſſential differences exhibit the ſame quality; for inviſible changes made 
in the minute, and perhaps undiſcernible parts of a ſtable body may ſuffice to produce 
ſuch alterations in its texture, as may give it new qualities, and conſequently differing 
from thoſe of other bodies of the ſame kind or denomination ; and therefore though 
there remains as much of the former ſtructure, as is neceſſary to make it retain its deno- 
mination, yet it may admit of alterations ſufficient to produce new qualities. Thus when 
a bar of iron has been violently hammered, though it continues iron ſtill, and is not viſi- 
bly altered in its texture; yet the inſenſible parts may have been put into ſo vehement an 
agitation, as may make the bar too hot to be held in one's hand. And fo if you hammer 
a long and thin piece of ſilver, though the change of texture will not be viſible, it will 
acquire a ſpringineſs that it had not before ; and if you leave this hammered piece of 
{ilver a little while upon the glowing coals, and after let it cool, though your eye will 
perchance as little perceive that the fire has altered its texture, as it did before, that 
the hammer had ; yet you will find the elaſticity deſtroyed. 

Ir on the ſurface of a body there ariſe or be protuberant a multitude of ſharp and tiff 
parts, placed thick or cloſe together, let the body be iron, ſilver, or wood, or of what 


matter you pleaſe, theſe extant and rigid parts will ſuffice to make all theſe bodies to ex- 
hibit the ſame quality of aſperity or roughneſs. , | 


AnD if all the extant parts of a (phylical) ſuperficies be ſo depreſſed to a level with 


the reſt, that there is a cocequation, if I may ſo ſpeak, made of all the fuperficial parts 


of a body ; this is ſufficient to deprive it of former roughneſs, and give it that contrary 


quality we call ſmoothneſs ; and if this ſmoothneſs be conſiderable exquifite, and hap- 


pen to the ſurface of an opacous body of a cloſe and ſolid contexture, and fit to reflect 
the incident rays of light and other bodies unperturbed, this is enough to make it 


"ſpecular, whether the body be ſteel, or ſilver, or braſs, or marble, or flint, or quick- 
ſilver, &c. 


AnD ſo, as I noted in the laſt chapter on another occaſion, if a body be ſo framed and 


ſtretched, as being duly moved by another body to put the air into an undulating motion, 


briſk enough to be heard by us, we call that ſonorous, whether it be a metalline bell, or 


gut ſtrings, or wires, &c. Nay if waving motions whereinto the air is put by ſuch dif- 


fering bodies be alike, theſe bodies will not only in general give a found, but will yield 
that particular degree of ſound that men call the ſame note. 

Fox here it is to be conſidered, that beſi:les that peculiar and eſſential modification 
which conſtitutes a body, and diſtinguiſhes it from all others that are not of the ſame 
ſpecies, there may be certain other attributes that we call extra- eſſential; which may be 
common to that body with many others, and upon which may depend thoſe more exter- 
nal affections of the matter, which may ſuffice to give it this or that relation to other 


bodies, divers of which relations we ſtile qualities. 


Or this I ſhall give you an evident example in the production of heat: for pro- 


vided there be a ſufficient and confuſed agitation made in the inſenſible parts of a body, 


whether it be iron or braſs, or filver, or wood, or ſtone, that vehement agitation, with- 
out deſtroying the nature of the body that admits it, will fit it for ſuch an operation 


upon our ſenſe of feeling, and upon bodies eaſy to be melted (as butter, wax, &c.) as we 


call heat. | | | 
And ſo in the inſtance named in the objection about whiteneſs ; it is accidental to 


that quality, that the corpuſcles it proceeds from ſhould be little hemiſpheres; for 


though it happen to be ſo in water agitated into froth, yet in water frozen to ice, and 
beaten very imall, the corpuſcles may be of all manner of ſhapes ; and yet the Poe 
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Ge white, And it being ſufficient to the producing of whiteneſs that the incident light 
be reflected copiouſly every way, and untroubled by the reflecting body, it matters not 
whether that body be water, or white wine, or ſome other clear liquor turned into 
froth, or ice, or glaſs, or cryſtal, or clarified reſin, &c. beaten into powder; ſince 
without diſſolving the eſſential texture of theſe formerly diaphanous bodies, it ſuffices 
that there be a comminution into grains numerous and ſmall enough by the multitude of 
their ſurfaces, and thoſe of the air, or other fluid that gets between them, to hinder 
the paſſage of the beams of light, and reflect them every way, as well copiouſly, as un- 
rturbed. | | 
. PERHAPS it may not be impertinent to add to this, that there may be other catho- 
lick affections of corpuſcles, beſides the ſhape or ſtructure of them, by virtue whereof 
aggregates even of ſuch as are (as to ſenſe) homogeneous, may exhibit differing quali- 
ties; as for inſtance, they may have ſome when they are in a briſk motion, and others, 
when they are but in a languid one, or at reſt ; as ſalt- petre, when its parts are ſuffici- 
ently agitated by, the fire in a crucible, is not only fluid but tranſparent almoſt like wa- 
ter; whereas when it cools again, it becomes a hard and white body; and butter, that 
is opacous in its moſt uſual ſtate, may be diaphanous when it is melted. So I ſhall. 
hereafter have occaſion to ſhew you that a great quantity of beaten alabaſter, which 
uſually. retains the form of a moveleſs heap of white powder, by being after a. due man- 
ner expoſed to heat, obtains, and that without being brought to fuſion, many of the 
principal qualities of a fluid body. And if with good ſpirit of nitre, or aqua fortis, you 
fill a glaſs half full, it will (unleſs it. be extraordinarily deflegmed) exhibit no redneſs 
nor approaching colour in the veſſel; but if you warm it a little, or caſt into it a bit of 
iron or of ſilver, that it may put the liquor into a commotion, then the nitrous ſpirits. 
deveſting the form of a. liquor, and aſcending in that of fumes, will make all the upper 
part of the glaſs look of a deep. yellow, or a red, 

3. Tux third. thing I would recommend to your conſideration is, to reflect on what: 
I. propoſed in the laſt . foregoing ſection, where I told you that in reference to the 
production of qualities, a body is not to be conſidered. barely in itſelf, but as it is placed 
in, and is a. portion of the univerſe. But of this ſubje&-1 have ſaid ſo much in the 
newly mentioned diſcourſe, . and in that which you are there referred to, that I ſhall! 
now only put you in mind that divers of the particulars to be met. with . in. thoſe dit-- 
courſes are applicable to our preſent purpoſe. . 

4. To all this let me add in the laſt place, that, as to that part of the grand objec- 
tion that we are clearing, which urges the difficulty of explicating upon the.corpuſcular 
principles, how, for example, the fame body-whoſe ſtructure makes it ſhaped ſo as to 

be fit to exhibit whiteneſs, ſhould likewiſe have divers other qualities that ſeemed to 
have no affinity with whiteneſs : this ſcruple, I ſay, we may, by what we have already 
diſcourſed, be aſſiſted to remove; eſpecially if we ſubjoin another conſideration. to it; 
for if corpuſcles, without loſing that texture which is eſſential to them, may (as we have 
ſhewed they may) have their : ſhape, or their ſurfaces, or their ſituation . changed, and 
may alſo admit of alterations (eſpecially as theſe corpuſcles make up. an aggregate or 
congeries) as to motion or reſt ; as to theſe or thoſe degrees, or other circumſtances of 
motion; as to laxity and denſity of parts, and divers other affections ; why ſhould we 
not think it poſſible that a ſingle, though. not indiviſible, corpuſcle, and much more an 
aggregate of corpuſcles, may by ſome of thele, or the like changes, which, as I was 
laying, deſtroy not the eſſential texture, be fitted to produce divers other qualities, be- 
ſides theſe that neceſſarily flow from it? Eſpecially conſidering (which is that J have 

now to add) that the qualities commonly called ſenſible, and many others too, being ac- 
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cording to our opinion but relative attributes, one of theſe now mentioned alterations, 
though but mechanical, may endow the body it happens to with new relations both to 
the organs of ſenſe, and alſo to ſome other bodies, and conſequently may endow it with 
additional qualities. | | 

Ie from good Venice or other turpentine you gently evaporate or abſtract about a 
third part of its whole weight, you may obtain a fine tranſparent and almoſt reddiſh co- 
lophony ; if you beat this very ſmall, it will loſe its colour and tranſparency, and will 
afford you an opacous and very white powder: if you expoſe this to a moderate heat, 
it will quickly and without violence both regain its colour and tranſparency, and ace vire 
fluidity ; and if, whilſt it is thus melted, you put the end of a quill or reed a little 
beneath the ſurface, and blow ſkilfully into it, you may obtain bubbles adorned with 
very various and vivid colours. If when it has loſt its fluidity, but whilſt it is yet pretty 
warm, you take it into your hands, you will find that it has in that ſtate a viſcoſity, 
by virtue of which you may draw it out into threads, as you may paſte z but as ſoon as 
it grows quite cold, it becomes exceeding brittle ; and if whilſt it is yet warm, you give 
it the ſhape of a triangular priſm, and make it of a convenient bulk, it will exhibit va- 
riety of colours almoſt like a triangular glaſs. Whilſt this colophany is cold, and its 
parts are not put into a due motion, ſtraws and other light bodies may be held unmoved 
cloſe to it; but if by rubbing it a little you put the parts into a convenient agitation, 
though perhaps withcut ſenſibly warming the colophony, it diſplays an electrical qua- 
lity, and readily draws to it the hairs, ſtraws, &c. that it would not move before. All 
or moſt of theſe things you may alſo perform, if I miſtake not, with clarified reſin, 
though I am not ſure it will do ſo well. 

To this I ſhall add one inſtance more, which may let you ſee how the ſame body, 
which the chymiſts themſelves will tell you is ſimple and homogeneous, may, by vir- 
tue of its ſhape, and other mechanical affections (for it is a factitious body, and that is 
made by the deſtruction of a natural one) have ſuch differing reſpects to different ſenſo- 
ries, and to the pores, &c. of divers other bodies, as to diſplay ſeveral very differing 
qualities. The example I ſpeak of, is afforded me by the diſtillation of putrefied urine ; 
far though ſuch urine have already loſt its firſt texture before it come to be diſtilled, yet 


when it has undergone two or three diſtillations to deflegm ir, the ſpirits of it ſwimming 


in a phlegmatick vehicle have a pungent ſaltneſs upon the tongue, and a very ſtrong, 
and to moſt perſons an offenſive ſmell in the noſtrils ; and when they are freed from 
the water, they are wont to appear white to the eye; and to very tender parts, as to 
thoſe that are excoriated, or to the conjunctiva, they feel exceeding ſharp, and ſeem to 
burn almoſt like a cauſtick, not to ſay like fire; inſomuch that I have ſeen them pre- 
ſently make bliſters upon the tongue itſelt, that was not raw or ſore before they 
touched it; the ſame ſaline particles inviſibly flying up to the eyes prick them, and 
make them water; and invading the noſe often cauſe that great commotion in the head 


and other parts of the body, that we call ſneezing. The ſame corpuſcles, if they are 


much ſmelt to by a woman in hyſterical fits, do very often ſuddenly relieve her, and ſo 
may be reckoned among the ſpecifick remedies of that odd and manifold diſeaſe, which 
is not the only one in which they are conſiderable medicines, as we have elſewhere 
declared, The ſame corpuſcles taken into human bodies have the qualities, that in other 
medicines we call diaphoretick and diuretick ; the ſame particles being put upon filings 
of braſs produce a fine blue, whereas upon the blue or purple juices of many plants they 
preſently produce a green; being put to work upon copper, whether crude or calcined, 
they do readily diſſolve it, as corroſive menſtruums are wont to do other metals; and 
yet the fame corputcles being blended in due a proportion with the acid ſalts of _ men- 
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ſtruums, have the virtue to deſtroy their corroſiveneſs ; and if they be put into ſolutions 
made with ſuch menſtruums, they have a power, excepting in very few caſes, to pre- 
cipitate the bodies therein diſſolved. I might. here add, Pyrophilus, how the ſame 
particles applied to ſeveral other bodies, to which they have differing relations, have ſuch 
diſtin operations on them, as may intitle theſe ſaline ſpirits to other qualities. But to 
enumerate them in this place were tedious, eſpecially having already named fo many 
qualities reſiding in this ſpirituous ſalt ; which I therefore the rather pitched upon, be- 
cauſe being a faclitious body, and made out of a putrefied one, and ſo ſimple as to be a 
chemical ſalt (which, you know, ſpagyriſts make one of the three principles of com- 
pounded bodies) I ſuppoſe you will make the leſs ſcruple to admit, that it works by vir- 
tue of its mechanical affections; of which, to perſuade you the more, I ſhall add, that 
if you compound this urinous ſalt with the ſaline particles of common ſalt (which is alſo 
a factitious thing, and confeſſed by chemiſts to be a ſimple principle of the concrete that 
yields it) theſe two being mingled in a due proportion, and ſuffered leiſurely to combine, 
will aſſociate themſelves into corpuſcles, wherein the urinous ſalt loſes moſt of the quali- 
ties I have been aſcribing to it, and with the acid ſpirit compoſes, as I have often tried, a 
body little differing from ſal armoniac; which great change can be aſcribed to nothing 
ſo probably, as to that of the ſhape and motion (not here to add the ſize) of the urinous 
ſalt, which changes the one, and loſes a great part of the other by combining with the 
acid ſpirits z and to confirm that both thele do happen, I have ſeveral times ſlowly exhaled 
the ſuperfluous, but not near the whole liquor from a mixture made in a due propor- 
tion of the ſpirit of urine and that of ſalt, and found, that anſwerable to my conjecture, 


there remained in the bottom a ſalt, not only far more fluggiſh than the fugitive one of 
urine, but whoſe viſible ſhape was quite differing from that of the volatile cryſtals of 


urine, this compounded falt being generally figured, cither like combs or like feathers. 
Ir after all this we do either add or inculcate, that the extra- eſſential changes that may 
be made in the ſhape, contexture, and motion, &c. of bodies, that agree in their eſſen- 
tial modifications, may not only qualify them to work themſelves immediately after a 
differing manner upon differing ſenſories, and upon other bodies alſo, whoſe pores, &c. 
are differently conſtituted, but may diſpoſe them to receive other impreſſions than before, 
or receive wonted ones after another manner from the more catholick agents of nature; 
if, I fay, we recommend this alſo to your conſideration, what has been delivered in the 
whole diſcourſe will, I hope, let you ſee that the ſcruple propoſed at the beginning of it 
is not ſo perplexing a one to our philoſophy, as perhaps you then imagined it. | 
Tux three difficulties conſidered partly in this, and partly in the two foregoing ſections, 
I was the more inclined to take notice of in this place (for in divers other paſſages of my 
writings you will meet with things that are applicable to the paſt diſcourſe, and ſhould be 
referred thither) partly becauſe the ſcruples themſelves are of great moment, and for ovght 
I know have been diſcuſſed by others; and partly becauſe theſe difficulties relating in ſume 
fort to the corpuſcularian hypotheſis in the general, the clearing of them may both ſerve 
to confirm ſeveral of theſe things that have above been written about the origin of forms 
and qualities (to which it might therefore have been joined) and will be conducive to a 


clear underſtanding, and explicating divers of the particulars that I am about to deliver, 
and perhaps ſeveral other phænomena of nature, 
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c HM A . 1. 


Exp zor, Pyrophilus, that being ſomewhat ſurprized at the title of this diſcourſe, you: 
will preſently aſk what I underſtand by Coſmical or Syſtematical Qualities z that 
name being new enough to require that I ſhould tell you both what is meant by it, and: 
why I make choice of it. 3 
To anſwer ſo reaſonable a queſtion, I ſhall inform you that I conſider that the qualities 
of particular bodies (for I ſpeak not here of magnitude, ſhape, and motion, which are 
the primitive modes and catholick affections of matter itſelf) do for the moſt part conſiſt: 
in relations, upon whoſe account one body is fitted to act upon others or diſpoſed to be 
acted on by them and receive impreſſions from them; as quickſilver has a quality or 
power (for I here take qualities in the larger ſenſe) to diſſolve gold and filver, and a 
capacity or diſpoſition to be diſſolved by aqua fortis, and (though leſs readily) by aqua: 
regis: and this being premiſed, I obſerve farther, that, though in eſtimating the qua- 
lities of natural bodies we are wont to conſider but the power any particular one has of. 
acting upon, or the capacity it has of ſuffering from ſuch and ſuch particular bodies, 
wherewith it is taken notice of to have manifeſt commerce in point of making or of re- 
ceiving impreſſions, yet there may be ſome attributes which may belong to a particular 
body, and divers alterations to which it may be liable, not barely upon the ſcore of theſe 
qualities that are preſumed to be evidently inherent in it, nor of the reſpects it has to 
thoſe other particular bodies to which it ſeems to be manifeſtly related, but upon the 
account of a ſyſtem ſo conſtituted as our world is, whoſe fabrick is ſuch that there may 
be divers unheeded agents, which, by unperceived means, may have great operations 
upon the body we conſider, and work ſuch changes in it, and enable it to work ſuch 
changes on other bodies, as are rather to be aſcribed to ſome unheeded agents, than to 
thoſe other bodies with which the body propoſed is taken notice of to have to do: ſo 
that although if divers bodies that I could name were placed together in vacuo, or re- 
moved together into ſome of thoſe imaginary ſpaces which divers of the ſchoolmen fancy 
to be beyond the bounds of our univerſe, they would retain many of the qualities they 
are now endowed with, yet they would not have them all ; but by being reſtored to 
their former places in this world, would regain a new. ſet of faculties (or powers) and 
diſpoſitions, which, becauſe they depend upon-ſome unheeded relations and impreſſions 
which theſe bodies owe to the determinate fabrick of the grand ſyſtem or world they are 


parts of, I have, until I can find a more proper appellation, thought fit to name their 


colmical or their ſyſtemarical qualities. 
I nave 


Of the Syſtematical or Coſmical Qualities of Things. 


I ux in the Origin of Forms touched upon this ſubje& already, but otherwiſe than 
{ am now about to do: for whereas that which I do principally (and yet but tranſiently) 
take notice of is, that one body being ſurrounded with other bodies, is manifeſtly 
wrought on by many of thoſe among whom it is placed ; that which I chiefly in this 
diſcourſe conſider, is the impreſſions that a body may receive, or the power it may ac- 
quire from thoſe vulgarly unknown or at leaſt unheeded agents by which it is thus 


affected, not only upon the account of its own peculiar texture or diſpoſition, but by 
virtue of the general fabrick of the world. * 


. 


Now though there be ſeveral of the grand mundane bodies, and divers laws and 
cuſtoms of nature, which may contribute {more or leſs) to the phænomena of the quali- 
ties we are treating of; yet, becauſe a diſtinct and particular inquiry into each of them 
would challenge a much longer diſcourſe than this ſhort eſſay is to be, and a much abler 
pen than his that writes it, I did not only think it fit to reſerve what occurs to me 
about the laws and cuſtoms of nature, as they concern this ſubject, to another diſcourſe, 
or an appendix to this; but to declare to you alſo, that whereas the three main bodies 
whoſe more unobſerved operations and changes have the moſt conſiderable influence on 
the qualities we are to treat of, are, the ſubterraneal parts of the globe we inhabit ; the 
ſtars, whether fixed or wandering, with the æther that is about them; and the atmo- 
ſphere or air we live in; I foreſee that it will be requiſite for me to aſſign the experiments 
and obſervations I have collected about theſe three ſubjects to other tracts: ſo that in this 
eſſay my chief work will be to take notice to you of ſome conſiderations that may be 
introdutory in a more general way to the clearer knowledge of the ſubject to be diſ- 
courſed of, to which I may, as time and my occaſions may permit, ſubjoin ſome parti- 
culars, which, though perhaps they do not all of them ſo directly or properly belong to 
the ſolemnly propoſed heads of this diſcourſe, yet are not impertinent to the deſign of 
it, and on that ſcore may be allowed their places in it. 

AnD leſt you ſhould think, that under the name of coſmical qualities I ſhould in- 
troduce chimzras into natural philoſophy, I muſt betimes advertiſe you that you will 
meet with divers particles in the following diſcourſe, fit to ſhew that theſe qualities are not 
merely fictitious qualities, but ſuch whoſe exiſtence I can manifeſt, not only by conſidera- 
tions not abſurd, but alſo by real experiments and phyſical phenomena: and to pre- 
vent miſtakes, I ſhall add, that under the name of catholick and unminded cauſes or 
agents, I comprehend not only divers inviſible portions of matter, bur allo the eſtabliſhed 
laws of the univerſe, or that which is commonly called the ordinary courſe of nature: 
and when J ſpeak of unobſerved agents or cauſes, 1 do not always mean that they are 
not known or taken notice of to be in rerum natura, but that they are not vulgarly con- 
ſidered or looked upon as the cauſes of ſome particular phænomena wherein ] aſcribe to 
them an intereſt or efficiency. | | 

Bur before I proceed any farther, it will not be amiſs to intimate in this place, tl-at 
the things on which I founded the purpoſed notion of the coſmical attributes of bodies, 
were principally theſe three ; 

1. THAT there are many bodies that in divers caſes act not unleſs they be acted on; 
and ſome of them act either ſolely or chiefly, as they are acted on by the catholick and 
enhceded agents we have been ſpeaking of. 

Qq 2 5 2. Thar 
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308 Of the Syſtematical or Coſmical 


2. Tn there are certain ſubtle bodies in the "world that are ready to inſinuate 
themſelves into the pores of any body diſpoſed to admit their action, or by ſome other 
way affect it, eſpecially if they have the concurrence of other unobſerved cauſes and the 
eſtabliſhed laws of the univerſe. 

3. TnarT a body by a mechanical change of texture may acquire or loſe a fitneſs to 
be wrought upon by ſuch unheeded agents, and alſo to diverſity their operations on it 
upon the ſcore of its varying texture, | 

Tuksz three propoſitions I ſhall endeavour to confirm diſtinctly by the enſuing experi- 
ments and phznomena ; but becauſe divers of theſe proofs may each of them ſerve to 
confirm more than one of theſe propoſitions, and becauſe the making out of the two laſt, 
which are the moſt important (and the leaſt probable) is the main deſign of this diſcourſe, 
T ſhall ſay the leſs to the firlt, leaving it for the moſt part to you to refer to either of 
the three propofitions what you ſhall meet with belonging to it in what is ſaid upon either 
of the other two. 


C HA. F. II. 


To begin then with the firſt propoſition, namely, © That there are many bodies that 
1 in divers caſes act not unleſs they be acted on; and ſome of them act either ſolely 
« or chiefly, as they are ated on by the catholick and unheeded agents we have been 
„ ſpeaking of:“ the former part of it will, I preſume, be eaſily granted, it being evi- 
dent by ſuch groſs inſtances as theſe, that a wedge will not cleave a block unleſs it be 
impelled againft it by a hammer (or ſome equivalent inſtrument) nor a knife attract a 
needle, unleſs it be excited by a magnet : but as to the ſecond, it will not in likelihood 
be ſo readily aſſented to, and therefore having in tranſitu illuſtrated it by obſerving to 
you that concave looking-glafſes and convex burning- glaſſes kindle not other bodies unleſs 
they be enabled to do ſo by the reflected or trajected beams of the ſun, I ſhalt proceed 
to prove it by a couple of inſtances. 

Tux one is an iron bar that hath long ſtood in a window or ſome other fit place in 
a perpendicular poſture ; for though this bar was not when it was firſt erected, endowed 
with a magnetiſm any thing ſuperior to that of other iron bars of the like ſhape and big- 
neſs, yet after it hath very long ſtood in that poſition, it will by the operations of invi- 
ſible agents acquire a farther degree of magnetiſm than belonged to it as a bar of iron, 
and is enabled to produce ſome magnerical phænomena (elſewhere mentioned) that it 
could not before. 
if Tur ſecond inſtance is afforded us by what happens to a very flat and exquiſitely po- 
it liſhed piece of marble ; for though of itſelf it hath no power to help to lift up any other 
i" dry body that it is laid upon, yet if it come to be ſkilfully laid upon another piece of 
marble as flat and fmooth as it, and of a bulk not too unweildy, this upper ſtone, by 
virtue of the fabrick of the world, which gives the ambient air fluidity. and weight, is 
'F enabled, without any other cement or faſtening inſtrument than immediate contact, to 
1 raiſe with itſelf (in caſe a man lift it up) the lower marble, though perhaps an hundred 

times heavier than itſelf * : | whereas, if this laying one of theſe ſtones upon the other 
had been done in vacuo, I doubt not but no ſuch power had thereby accrued to the up- 
permoſt of them]. SR 


| 

| | * See this experimentally proved in th: Continuatioa of tie Author's New Experiment: touching the alf, 
F Expeznaecnt the fif.ieth, 
' 
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CHAP. Iv. 


ProceeD we now to our ſecond propoſition, which ſpeaks to this purpoſe ; ** That 
ce there are certain ſubtle bodies in the world, that are ready either to inſinuate themſelves 
into the pores of any body diſpoſed to admit their actions, or by ſome other way to 
« affect it, eſpecially if they have the concurrence of other unobſerved cauſes, and the 
« eſtabliſhed laws of the univerſe.** I need not take notice on this occaſion that divers 
of the ancient philoſophers thought that there was a ſubtler body than the com- 
mon air, and called æther; and that the Carteſians tell us that there is ſuch a ſubſtance 
diffuſed throughout the univerſe which they call, according to the differing ſizes of its 
parts, ſometimes primum elementum and ſometimes materia celeſtis, to which they attri- 
bute the uſe of pervading all other bodies and adequately filling thoſe pores of theirs that 


are correſpondent in bigneſs and figure to the differing portions of this inſinuating matter: 
that there may be ſuch a ſubſtance in the univerſe, the aſſerters of it will probably bring 


for proofs ſeveral of the phænomena I am about to relate: but whether there be or be 


not in the world any matter that exactly anſwers to the deſcriptions they make of their 


firſt and ſecond elements, I ſhall not here diſcuſs, though divers experiments ſeem to 
argue that there is in the world an zthereal ſubſtance very ſubtle and not a little diffuſed, 
But though theſe things ſeem, as I was ſaying, probable enough; yet the inviſible 
agents I ſhall here chiefly, though not only, take notice of, will be the air (as-it hath a 
weight and ſpring) and, the magnetical effluvia of the terreſtrial globe. 

Ir you take a bar of iron, or rather of ſteel, and another like it of ſilver, and having 


heated each of them red hot and put them to cool directly north and ſouth; though 
they be both acted upon by the ſame agent, the fire, and the ſteel, as to ſenſe, ſeems 
ſuch as it was before, yet the texture of theſe two metals being different, the 


ſilver acquires no new quality by what hath been done to it, whereas the ignition of the 
fleel having opened its pores and made its parts more pliable (as may be argued from the 


ſwelling of iron heated red hot and its ſoftneſs under the hammer) it is eaſily, whilſt in 
this ſtate it lies north and ſouth, pervaded by the magnetical effluvia of the earth which 


glide perpetually through the air from one pole to another, and by the paſſage of theſe 
ſteams it becomes endowed with a magnetica] property, which ſome call polarity, 


whereby, being freely ſuſpended and exactly poiſed, it will, as it were, ſpontaneouſly. 


direct itſelf towards the north and ſouth, and exerciſe ſome operations peculiar to mag- 
netical bodies: and that it may ſeem the leſs ſtrange that I ſhould aſcribe to to groſs and 
dull a body as the earth the power of inviſibly communicating to irom a magnetical vir- 


tue, which is thought to be of ſo ſpiritual a nature, I ſhall put you in mind of an expe- 
riment that I acquainted you with divers years ago, about the earth's power to impart, 


in ſome caſes, without the help of a loadſtone, a directive faculty to the loadſtone itſelf: 
for, having by ignition deprived an oblong magnet of its former attractive power by 
taking it red hot out of the fire, and ſuffering it to cool north and ſouth, I could at plea- 


ſure, by placing either end northward or ſouthward, whilſt the ſtone was refrigerating, . 


make what end I had a mind to, point to the north pole; and when it had done ſo, I 


could, by a new ignition and refrigtrating of it in a contrary poſition, make the ſame end 


of the ſtone become its ſouthern pole. 
Ir you take a capacious glaſs phial with a lender neck, ending in a ſharp angle, with 
only a pin-hole left open at the apex (inſtead of which veſſel, Hero's egg, as ſome call 


it, though far ſmaller, and without ſuch a neck, may ſerve turn) and by ſuction or 
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otherwiſe free it from as much of the included air as you can; and if then having ſtop- 
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ped this hole with your finger you immerſe it ſomewhat deep under water, and, laſtly, 
withdraw your finger ; the water will, contrary to its own nature (as is vulgarly con- 
ceived) ſpring up with violence and to a good height into the cavity of the phial ; which 
motion of a heavy liquor 2 cannot be aſcribed to the motion of the finger; for 
that did but unſtop the orifice and not impel up the water, nor need be attributed to 
nature's abhorrence of a vacuum, which (whether there be ſuch a thing or not) it is alto- 
gether unneceſſary to have recourſe to in this caſe; the preſſure of the ambient air, 
proceeding from its weight upon the ſurface of the water, being ſufficient to force up that 
liquor into the phial, in which the remaining air, by being rarefied upon the ſcore of the 
abſence of that which was taken out, hath its ſpring too much weakened to be able to 
refiſt the preſſure of the outward air, as it formerly could do, whereas if this experiment 
were tried in vacuo, the water would not be raiſed, there being no outward agent to impel 


it up. 


ER 3 KY 


I nav ſometimes the curioſity to conſider beans and peaſe pulled up out of the ground 
by the ſtalks in order to an inquiry into their germination z and after having taken no- 
tice of their tumidneſs upon their having imbibed the moiſture of the ſoil and of their 
way through the ambient earth, not only upwards with their ſtems, but downwards with 
| their tender roots; I thought fit to try with what ſtrength and force the cauſes of their 
* intumeſcence endeavoured to dilate them, whereupon I filled with a quantity of ſuch 
| | dry beans as are in England wont to be given to horſes ſeveral phials and bottles, ſome 
of glaſs and ſome of earth, whereof two or three were of a conſiderable ſtrength ; which 
done, the intervals between the beans were filled with water, and the veſſels were exactly 
ſtopped with corks ſtrongly tied down with ſtrings that nothing might get out; for I 
ſuppoſed that the water, ſoaking into the pores of the beans, would alter-the figure of 
the pores and produce in them an endeavour to ſwell, which being checked by the ſides 
and ſtopples of the veſſels would diſcover, whether that endeavour were fo forcible as I 
ſuſpected; the ſucceſs was, that moſt of theſe veſſels (for in one or two of them we found 
the ſtrings broke that withſtood the raiſing of the ſtopples) whether of glaſs or earth, 
were burſt in ſunder. | 

Bur being deſirous to make a nearer eſtimate how great this expanſive force of the 
ſwelling beans was, we put a convenient quantity of them into an hollow but ſtrong cy-. 
linder of braſs, which I had cauſed to be purpoſely made for ſuch kind of trials, whoſe 
cylindrical cavity was juſt ſix inches in length and two in diameter; then having put in 
water enough to reach the top of the beans, we put into the upper part of the cylinder, 
which was purpoſely left unfilled, a wooden plug, made fit for the orifice by being 
turned into a cylindrical form and a little narrower than the orifice, that it might move 
freely up and down, though the water ſhould make it ſomewhat ſwell ; upon the top of 
this plug, on which leaned a broad and thick piece of wood ſhaped like a round 
trencher and made of the ſame piece with the plug, was placed a common half hundred 
weight of lead, which yet could not depreſs the plug too low, being hindered by the 
breadth of the trencher, made as well to prevent the too great depreſſion of the plug as 
to afford a convenient baſis to the weight. Laſtly, having kept the cylinder in a quiet 
place for a fit ſpace of time (which is in ſuch trials ſometimes two or three days, ſome- 
times more or leſs according to the temperature of the air and quantity of the included 
matter) we obſerved, as I expected, that the ſwelling beans had very manifeſtly heaved 
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up the plug and the incumbent weight beyond the former ſtation : and I ſuſpected that 
if we had had ſmall weights (of a pound or two a piece) conveniently ſhaped, a heavier 
weight might have been raiſed by the ſame force. | 

Ir is not neceſſary in this place that I mention ſeveral particulars relating to the expe- 
riment, as how it- ſucceeds in corn, ground and unground, how in dried fruits, as raiſins 
and currants, how in dried peaſe (which we found to dilate themſelves very ſtrongly) and 
what liquors will or will not cauſe an intumeſcence; nor ſhall I here ſpeak of divers cir- 
cumſtances that may be taken notice of in ſuch trials; only I muſt not omit this parti- 
cular, that I had a mind to make ſome trial whether the force of ſwelling beans to preſs - 
or thruſt up the incumbent weight, would not in cylinders of different ſizes be increaſed. 
in ſomewhat near a duplicate proportion to that of the diameters or the areas of the ori- 
fices of the differing cylinders (becauſe it is according to the greatneſs of thoſe areas 
that the force can be applied upwards) but having not weights enough ſo ſhaped as I: 
needed, I could not make ſuch an experiment as I deſired; but thus much, however, I 
diſcovered in order to my purpoſe, that the preſſure upwards of the drenched beans was 
very much greater in wider cylindrical veſſels than in narrower ones; for having put a: 
convenient quantity of dried beans into a metalline cylinder that wanted a pretty deal of 
being ſo deep as ſix inches, and was not quite four inches broad; when the included 
beans began to ſwell they manifeſtly lifted up ſuch a plug as was lately deſcribed (but 
broader) with weights upon it, amounting to an hundred pounds or better. 

WHETHER this may paſs for a new phyſical vis movers, I freely leave to you to deter- 
mine; as alſo to conſider, . whether by mechanical contrivances ſo great a force as may 


be this way produced, and which ſlowly and ſilently proceeds till it hath attained its ut- 


moſt energy, and may be conveyed into bodies without working any effect before the 
due time, may not in ſome caſes be made applicable to uſeful purpoſes. 


I SHALL not now examine whether or how far the foregoing experiment may confirm 


the Carteſian hypotheſis about their materia ſubtilis; nor whether upon the notions- 
which our experiments may ſuggeſt, we may be enabled to explicate the force wherewith 
fermenting liquors do often break the veſſels wherein they are too exactly ſhut up; 
about which phznomena, and of ſome others of kin to it, I elſewhere propoſe ſome con- 


jectures. 


I rums it fitter in this place to take notice to you of ſomething that more directly 
belongs to our preſent ſubject ; namely, that the air, within which name I here comprize- 


the æther that may be harboured in its pores, may in ſome caſes by its conſtant pre- 


ſence, and in others by its being always at hand, and its readineſs: to inſinuate itſelf 
wherever it can get admittance, concur to the production of divers phænomena wherein 
its co-operation has not been ſuſpected even by philoſophers ;. for, not to mention what 
I have by experiments purpoſely: deviſed, that the air's being preſent to preſs upon the 


ſaperficies of liquors is ſo requiſite in ſuction, that they will not thereby be made to aſcend 


without itz and beſides that to the putrefying of ſome bodies within the time (or even 
within ten times the time) that nature is wont to putrefy them in, they will not be 
brought to putrefaction if the air be all the while carefully ſecluded ; beſides theſe things, 
I: fay, I found that the light, which appears in ſome rotten woods, and in ſome putre- 
fied fiſhes, did ſo much depend upon the preſence of the air, that if that were quite with-- 
drawn from them the light would diſappear, and when they were reſtored to the con- 


tact of the air, they would ſhine forth again as formerly, [But of this elſewhere. ] 
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IxNow not whether it will be fit to add, that beſides what the air (with the ſubtler 
matter that may be mingled with it) may do as a ſubſtance, it may perform divers 
things upon other accounts, as its finer parts may be, though inſenſibly, moved in phy- 
ſical ſtraight lines; or as it is the ſubject of ſwarms of corpulcles put into peculiar though 
inviſible motions. For inſtance, if | take a ſheet of paper and rub it over with oil, or 
even a fit kind of greaſe 3 that which the liquor apparently does is only to pierce or 
ſaak into the pores of the paper which before did by their crookedneſs, or upon ſome 
other mechanical account render the paper opacous : but this inſinuation of the unctuous 


body into the pores having altered them as to figure, or to ſize, or to both, and having 


by that alteration given the paper a texture diſpoſed to allow due g to the corpuſcles 
of light, or to tranſmit their peculiar kind of impulſe (whence ſeveral naturaliſts derive 
light) the motions, as I was ſaying, or inviſible corpuſcles in the air, depending upon 
the conſtitution of the world do preſently act upon the paper, and produce beyond it 
both a ſenſation of light, and the repreſentations of a multitude of objects whence the 
light reflects, and which could not be ſeen through it before. © 
IXEIOꝰ not perhaps tell you, that if a pretty large box be fo contrived that there may 
be towards the one end of it a fine ſheet of paper ſtretched like the leather of a drum- 
head at a convenient diſtance from the remoter end, where there is to be left an hole 
covered with a lenticular glaſs fitted for the purpoſe, you may at a little hole left at the 
upper part of the box ſee upon the paper ſuch a lively repreſentation, not only of the 
motions but ſhapes and colours of outward objects, as did not a little delight me when I 
firſt cauſed this portable darkened room, if I may fo call it, to be made: which inſtru- 
ment I ſhall not here more particularly deſcribe, partly becauſe I ſhewed it to you ſeveral 
years ago, ſince when divers ingenious men have tried to imitate mine (which you 
know was to be drawn out or ſhortened like a teleſcope, as occaſion required) or improve 
the practice; and partly becauſe that which I pretended in mentioning of it here, is to 
ſhew, that ſince that almoſt upon every turning of the inſtrument this way or that way, 
whether it be in the town or open fields, one may diſcover new objects and ſometimes 
new landſcapes upon the paper, there mult be all day long in all parts of the air where 
this phænomenon can be exhibited, either certain effluvia emitted every way from the 
objects or certain motions of inſenſible corpuſcles, which rebounding firſt from the ex- 
ternal object and then from the paper, produce in the eye the images of theſe objects, 
ſo that the air is every where full of viſible ſpecies which cannot be intelligibly explicated 
without the local motions of ſome minute corpuſcles, which, whilſt the air is enlightened, 
are always paſſing thorough it. | | | 
ou may remember, Pyrophilus, that in the clauſe of the ſecond propoſition hitherto 
diſcourſed of, I take in the eſtabliſhed laws of the univerſe as a part of the preſent con- 
ſtitution of this our world ; ſome of thoſe laws contributing much to the operation of 
thoſe unheeded cauſcs we are treating of. Of theſe I may another time give you ſome 
inſtances, but for the preſent it may ſuffice to take notice of this one, that if you take a 
bar of iron, and holding it perpendicularly, apply the loweſt part of it to the northern 
point of a wcll-poiſed magnetical needle, the bar will preſently drive it away; but that 
magnetiſm by which the bar does it, as it is preſently acquired by the poſture which 
it had, ſo it is as ſuddenly changed if you invert that poſture, as appears by this, that 
though you hold the bar perpendicular, if it be held under the needle, ſo that the ſame 


part of the bar which before was placed directly over the north point of the _— - 
| 0 


Qualities of Things. 


held directly under the ſame point, the bar will not, as before, drive it away, but, as 
they commonly ſpeak, attract it; but if this bar has been for a long time kept in an 
erected poſture, as if it be taken from ſome old window; or if, having been heated and 
refrigerated, it have very long lain north and ſouth, it will appear endowed with a 
ſtronger and more durable verticity, as we elſewhere more fully declare; which ſeems to 
proceed from this, that by lying north and ſouth, it Jay in the way, which, according 
to the eſtabliſhed laws of nature, the magnetical effluvia of the earth muſt paſs along in 
ſteams from pole to pole; whereby they have the opportunity by little and little to work 
upon the pores of the iron that lies in their way and fit them to give paſſage to the efflu- 
via of magnetical bodies; in which fitneſs ſeems principally to conſiſt the magnetiſm of 
iron; whereas, if this metal had all this while lain eaſt and weſt, inſtead of north and 
ſouth, it would have acquired little or no magnetical virtue. And the reaſon why an 
erected poſture gives a rod or bar of iron a power to drive. away the north point of the 
needle has been probably conceived to be this, that the lower end being nearer the earth 
does more plentifully participate of the magnetick ſteams which fly in a cloſer order 
there than further off, and by powerfully affecting that part of the iron turn it for a time 
into the iron's north pole, which, according to the laws magnetical, ought to drive away 
the north pole of the needle and attract the ſouth; whereas if the bar being inverted, 
that end which was uppermoſt becoming the lower, muſt for the ſame reaſon have a con- 
trary operation, unleſs by having long ſtood, its verticity be too well ſettled to be ſud- 
denly deſtroyed or altered by the effluvia of ſo languid a magnet as the earth: but whe- 
ther or no this explication be the right one (for I would not contend for its being ſo) it 
appears by the requiſiteneſs both of a determinate poſition of the iron and of its long 
continuance in that poſition, to make that metal acquire a durable verticity, that thoſe un- 
heeded magnetical ſteams which communicate ſuch a magnetiſm to the iron, move and 


act according to laws eſtabliſhed in nature; which is as much as my deſign in this diſ- 
courſe makes neceſſary to be made our. 


c H A p. VI. 


Ir remains now that we diſcourſe of the laſt of our three grand propoſitions, namely, 
* That a body by a mechanical change of texture may acquire or loſe a fitneſs to be 


** wrought upon by ſuch unheeded agents, and alſo to diverſify their operations on it 
upon the ſcore of its varying texture.“ 


Tuis propoſition is of ſo much affinity with the foregoing, that there are divers caſes 


4s qo the ſame experiments and other arguments may ſerve for the confirmation of 
oth, 


Bur to illuſtrate a little what I mean by groſs and ſenſible examples, it is a cuſtom we 


often obſerve at ſea, when we fail with too Hack a wind, to take up water with certain 
inſtruments and throw it againſt the ſails. At the firſt propoſal this may ſeem a very 


improper way to promote the ſwiftneſs of the ſhip, ſince there is the weight of ſo much 


water added to that of the veſlel itſelf; but yet I have ſeen the ſeamen make uſe of it as 
one of their beſt expedients when we were cloſely chaced by pirates, nor did I look upon 


It as irrational; for whereas, when the ſails are dry a good part of the wind that blows 


upon them eaſily gets thorough thoſe meſhes or great pores that arè left between the 
threads of which a fail conſiſts 3 when it comes to be wetted the imbibed water makes the 
threads ſwell every way, and conſequently very much ſtreightens the pores or intervals 


that were formerly left between them ; by which means the wind cannot permeate them 
Vol. III. r as 
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Of the Syſlematical or Coſmical 


as freely as formerly, but by finding a greater reſiſtance in the ſail comes to beat more 
forcibly upon it and conſequently drives it, and with it the ſhip, more ſtrongly on than 
elſe it would have done; not to mention the ſtiffneſs of the ſail acquired by the imbibe# 
ſea-water, becauſe I would not ſtay to take notice of other particulars, to which the ſuc- 
ceſs of this practice may perhaps be in part aſcribed, | 

To add another inſtance to the ſame purpoſe wich the former ; ſuppoſe an high wind 
to blow againſt a chamber, wherein the windows and doors are all ſhut, the effect will 
be only to ſhake a little the room in general, but if one open the caſement, though he 
that does it do properly and immediately but diſplace ſome little piece of the iron or other 
thing that ſhuts the window, yet this being done in a place where there is a ſtrong cur- 


rent of air, which we call a wind, there will preſently follow a blowing up of curtains or 


hangings and blowing about of duſt, ſtraws, feathers, or other light bodies that are 
not firmly enough faſtened nor very ponderous, and yet are too heavy to be blown 


about. pat 
Bur to proceed to inſtances that are not ſo groſs, I might take notice that though 


good common tartar does uſually of itſelf keep dry in the air, nay, and will not eaſily be 


diſſolved in cold water; yet if it be calcined, though but very moderately, the ſalt in 


the remaining coal, the texture being now altered, will readily enough in the moiſt air 
(as that of a cellar) run into that liquor that chemiſts have been pleaſed to call of tartar 
per deliquium : but in regard that to make the change the greater, part of the tartar 
muſt be driven away by the fire, I ſhall rather make uſe of an example eaſily drawn from 
an experiment I elſewhere mentioned to another purpoſe; for having taken a loadſtone, 
and according to the way there delivered, heated it and cooled it, though it had loſt ſo 
little by the fire that the eye took no notice of its being changed either as to ſhape or 
bulk, yet the operation of the fire by changing the inviſible texture did ſo diverſly alter 
the diſpoſition. of it in reference to the magnetical effluvia of the earth, that I could pre- 
ſently and at pleaſure change and re alter the poles of the ſtone, making the ſame end 

int ſometimes to the north and ſometimes to the ſouth. The like change of verticity 


I have, as I elſewhere declare, made mere iron capable of without the help of fire or 


any other magnet than the earth; and I have alſo found by trial that a certain heavy 


| ſtone that is uſually thought to be not ſo much as of a metalline nature, may, by a flight 


and quick preparation that alters not the ſhape nor bigneſs, be enabled to attract and; 
repel the poles of a magnetic needle. 


Cc HA. vn. 


To the inſtances already given in ſolid bodies it will not be amiſs to annex two or three 
in liquid bodies, becauſe it may be thought ſtrange by ſome that conſiderable changes 
of texture ſhould, without fire or any new ingredients, be produced in bodies, which, 
by reaſon of their fluidity, ſeem preſently to recover their texture if it be diſordeted. It 
honey and water be each of them apart put into a convenient veſſel, they will both of 
them retain their nature; and though you mix them together in an undue proportion, ſo 
that by reaſon of overmuch honey the conſiſtence be too thick, or that by being diluted 
by too great a proportion of water, the ſolution of honey be too thin, they may continue 
honey and water; but if thoſe two liquors be duely proportioned (as if you put to one 
part of honey four or five of water) then their new texture ſo diſpoſes them to be acted 
on by the ſubtle permrating matter or whatever other common agent nature employs to 


produce fermentations, that the ingredients do no longer continue what they wry but 
egin 


Realities of Things. 


begin to work like new muſt or beer-wort; and I have tried that fo ſmall and ſhort a 
local motion (as carrying ſuch mixtures a while in a coach) has ſo excited the liquor as 
to make it violently force its way out of the veſſel or throw off the ſtopple, that I have 
wondered at it. And I remember that an eminent merchant of wines who ſpent divers 
years in the Canaries, being aſked by me about ſome things of this nature, aſſured me, 
that in thoſe fortunate iſlands (as the ancients ſtyle them) he had ſeveral times obſerved, 
that if a pipe of the beſt fort of Canary were, when it was about a month old, rude] 
rolled, though but the length of an hall or moderate gallery, ſo tranſient and light a 
diſcompoſure of the texture would quickly make fo great a change in it, that oftentimes a 
good quantity of wine would be violently thrown out at the bung; or if the pipe were too 
cloſe ſtopped, that great veſſel itſelf would oftentimes have the bottom beaten out; by 
which means he had known ſeveral pipes of that rich liquor loſt. 

Wx have divers examples of the cracking of common glaſs when it is too ſoon, after 
it hath been removed from the fire, expoſed to the cold air, and the ſubtle bodies that 
are in it; which would not have cracked it if it had been cooled more lowly, ſo that 
its parts would have had leiſure to ſettle into a texture convenient for the paſſage of thoſe 
ſubtle bodies which in that caſe would harmleſsly have permeated it. But I have ſome- 
times thewn the curious a more quick and manifeſt mftance of the importance of the 
preſent texture of a body in reference to the catholick and inviſible cauſes that may work 
upon it : for having taken a plate of ſo ponderous and ſolid a body as copper, and heated 
it red hot, and then ſuffered it to cool a while upon ſome more moderately hot place in 
the fire, though it did not appear at all ignited, when I removed it to a plate or even to 
a ſheet of paper, yet upon its being expoſed to the atmoſphere, the ſuperficial part 
would not only crack as in over haſtily cooled glaſs, but would, and that preſently, fly off 
in flakes in good number, and not without noiſe; ſo that in a ſhort time I have had the 
neighbouring part of the paper, on which the braſs-plate reſted, almoſt quite covered with 
little ſcales, as it were, of that metal. x 


AnD to give you, in favour of what I have been hitherto diſcourſing, an inſtance of 


a very ſubtle nature, I will not, though I juſtly might, take notice that in rotten fiſh 


and rotten wood the change of texture is oftentimes inviſible that will ſuffice to make the 
contact of the air, and the ſubtle corpuſcles whereto it gives harbour or paſſage, confer 
or loſe a power of ſhining ; but I will rather chooſe to inſtance in the Bolonian ſtone, 
which by calcination acquires this admired property, that if it be but expoſed to the ſun- 
beams (to which I have found other ſtrong lights ſuccedaneous) it will not only in a 
tew minutes acquire a luminou'neſs, but for ſome time after retain it in the dark, 
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N the former eſſay, Pyrophilus, I propoſed to you ſome things about the ſubject there 
treated of that ſeemed to have in them ſuch a degree of probability as is wont to be 
thought ſufficient to phyſical diſcourſes, or at leaſt is uſually to be met with in them. But 
in regard the world, whether we take it in the larger ſenſe for the whole univerſe, or in 
the more narrow but not leſs common acceptation, for the globe we men inhabit, is a 
ſubje& ſo vaſt, that not only all demonſtrable truths that may be diſcovered concerning, 
it may be looked upon as important, but even conjectures and ſuſpicions themſelves that 
relate to it in general, if they be not very groundleſs or extravagant, may deſerve not 
to be altogether paſſed by in ſilence; I will adventure to entertain you a while with 
ſome thoughts of this nature, eſpecially becauſe they will give me opportunity to alledge 
tn their favour ſome hiſtorical obſervations, which, whatever the doubts or conjectures 
be thought of, may appear to be more new than deſpicable. 

Ir may now, therefore, be not unſeaſonable to confeſs to you that I have had ſome 
faiat ſuſpicion, that beſides thoſe more numerous and uniform ſorts. of minute particles 
that ate by ſome of the new philoſophers thought to compoſe the æther I lately diſ- 
courſed of, there may poſſibly be ſome other kind of corpuſcles fitted to have conſider- 
able operations, when they find congruous bodies to be wrought on by them: but though 
it is poſſible, and perhaps probable that the effects we are conſidering may be plauſibly ex- 
plicated by the æther, as it is really underſtood ; yet I ſomewhat ſuſpect that thoſe effects 
may not be due ſolely to the cauſes they are aſcribed to, but that there may be, as I was. 
beginning to ſay, peculiar ſorts of corpuſcles that have yet no diſtin name, which may 
diſcover peculiar faculties and ways of working, when they meet with bodies of ſuch a 
texture as diſpoſes them to admit, or to concur with the efficacy of theſe unknown 
agents. 
Tais ſuſpicion of mine will ſeem: the leſs improbable if you conſider, that though in 
the ether of the ancients there was nothing taken notice of but a diffuſed and very ſubtle 
ſubſtance; yet we are at preſent content to allow that there is always in the air a ſwarm- 
of ſteams moving in a determinate courſe betwixt the north pole and the ſouth; which 
fabſtance we ſliould not probably have dreamed of, if our inquiſitive Gillert had not hap- 


pily 


Cofmical Suſpicions. 


pily found out the magnetiſm of the terreſtrial globe. And few, perhaps, would have 
imagined, that when an hunted and wounded deer has haſtily paſſed over a little graſs, 
he ſhould leave upon it ſuch determinate, though inviſible effluviums, as ſhould for 
many hours ſo impregnate the air, as to betray the individual flying and unſeen deer, 
if there was no blood-hounds, upon whoſe peculiarly diſpoſed organs of ſmelling theſe 
ſteams are fic to operate. And it is ſtrange that there ſhould be ſuch effluvia for a long 
time (perhaps a year or two together) reſiding in the air, that though our ſenſes diſcern 
them not, and though they have no operation upon other men, yet if they meet with 
perſons of a peculiar temperament, who by that, and by their formerly having had the 
plague, have attained a peculiar diſpoſition that fits them to be wrought on by peſtilen- 


tial ſteams, they may ſo operate upon them, that ſome of theſe perſons may be able to 


diſcern thoſe ſteams to be peſtilential. To give ſome countenance to which paradox, I 
will here annex two or three teſtimonies, the firſt of which I find thus ſet down among 


my Adverſaria. [ Above three months before the late great plague began in London, in 


the year 1665, there came to Dr. M. a patient of his, to deſire his advice for her huſ- 
band; and the doctor having enquired what ailed him, ſhe anſwered, that his chief diſ- 
temper was a ſwelling in his groin, and upon that occaſion added, that her huſband aſ- 
ſured her of his being confident, that the next fummer the plague would be very rife in 
London; for which prediction he gave this reaſon, that in the laſt great plague he fell 
ſick of that diſeaſe ; and he then had a peſtilential tumour. 

So in two cther plagues that ſince happened, though much inferior to that great one, 
each of them had a riſing in his body to be its forerunner, and now having a great 
tumour in the forementioned place, he doubted not but it would be followed by a raging 


peſtilence, which accordingly enſued. Having heard much talk of ſomething of this 


nature, and being this morniog caſually viſited by the doctor, a perſon of great veracity, 


I enquired of him how much of it was true, and I received for anſwer the foregoing. 


narrative, ] 

chirurgeon Fabricius Hiidanus records of himſelf; namely, that having had a peſtilential 
rumour during a plague that happened in his youth, if, for many years after, he chanced 
to go to, or ſo much as to paſs by an houſe infected with the plague, he was ad- 


moniſhed of the particular diſeaſe that reigned there by a ſenſible pain in that part, 


where he had had a peſtilential tumour ſo long before. 
Taz third teſtimony is afforded me by that curious obſerver of the changes that ha 
pened as to the phenomena of diſeaſes at the famous ſiege of Freda, where this diligent 


phyſician, practiſing much among patients afflicted with malignant and peſtilential diſ- 
eaſes, was at length infected himſelf z whereupon he informs his readers; Aunotandum big 
merilo nature facultatem ad peſtis preſervationem momenti eſſe maximi. Obſervavi in 
meipſo contaminatos inviſente ſtatim inguen dolere vel axillas : afficiebatur aliguando caput, 


nou inde ſudor, & ſeceſſus tres quatuor ve. Hoc & aliis accidit, qui fideliter mibi retu- 
lerunt. | 


Ir theſe ſtories were related by ordinary perſons of what happened to other men, the 
oddneſs of them might well tempt a wary man to ſuſpend his judgment; but the judi- 
ciouſneſs of the writers, and the profeſſion they were of, and ther relating thete as. 


things that did more than a few times happen to themſelves, may well be permitted 
to bring credit to their aſſertions. And theſe inſtances, added to what has been already 
laid, may, I hope, excuſe me if I think it not time miſpent to conſider whether there 
may not be other, and even unobſerved ſorts of effluvia in the air; to excite your curio- 


lity: 


Tu ſecond is a very remarkable ſtory, which I remember that famous and excellent 
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ſity and attention about which, rather than to declare a poſitive opinion, is that which 
is pretended to in what has been lately mentioned. ; 

Anp whereas, Pyrophilus, | have in the former diſcourſe taken in the ſtructure and 
eſtabliſhed laws of the univerſe, as an help toward the giving an account of the coſ- 
mical attributes of things, I ſhall here alſo ingeniouſly conteſs to you, that I much 
fear, whether we have yet aitentively enough taken notice either of the number, or the 
kinds of thoſe laws. 

For as I am by ſome notions and obſervations inclined to think, that there may be 
a greater number even of the more general laws than have been yet diſtinctly enu- 
merated, ſo I think that when we ſpeak of the eſtabliſhed laws of nature in the 

popular ſenſe of that phraſe, they may be juſtly and commodiouſly enough diſtinguiſhed ; 
ſome of them being general rules that have a very great reach, and are of greater afh- 
nity to laws more properly ſo called, and others ſeeming not ſo much to be general 
rules or laws, as the cuſtoms of nature in this or that particular part of the world; of 
which there may be a greater number, and thoſe may have a greater influence on many 
phænomena of nature, than we are wont to imagine. 

Ax firſt, whereas the ſtructure of the world is a main help in our preſent diſquiſition, 
I ſhall venture to tell you, that though I do not only commend, but in divers caſes ad- 
mire the induſtry of aſtronomers and geographers, eſpecially of ſome later ones; yet 
they have not met with ſuch difficulties, that they have hitherto preſented us, rather a 
mathematical hypotheſis of the univerſe, than a phyſical, having been careful to ſhew 
us the magnitudes, ſituations, and motions of the great globes, ſuch as the fixed ſtars 
and the planets (under which one may comprize the earth) without being ſolicitous to 
declare what ſimpler bodies, and what compounded ones, the terreſtrial globe we in- 
habit does or may conſiſt of. And as of late years the diſcovery of the four planets 
about Jupiter, and the little moon (as ſome call it) that moves about Saturn, together 
with the phænomena of comets, have obliged the ſkiltul to alter divers things in the 
theory of celeſtial bodies; ſo I know not but that future diſcoveries by improved tele- 
ſcopes and other philoſophical inftruments may reduce us to make changes in the grand 
ſyſtem of the univerſe itſelf, and in that which we conſider as the moſt important of the 
mundane bodies to us, the terraqueous globe we live on. 

WHAT communication this may have with the other globes we call ſtars, and with 
the interſtellar parts of heaven, we have very little knowledge of, though I may elſe- 
where make it probable, that there may be ſome commerce or other ; . but without 
ſpeaking more particularly of that point, I confeſs I have ſome time ſuſpected that there 
may be in the terreſtrial globe itſelf, and the ambient atmoſphere, divers, whether laws - 
or cuſtoms of nature, that belong to this orb, and may be denominated from it, and 
ſeemed to have been cither unknown to, or overſeen by both ſcholaſtical and mathe- 
matical writers. And firſt, I have often ſuſpected, whether there may not be in the 
mat!s of the earth ſome great, though ſlow internal change (whether originated there, or 
produced by the help of other mundane globes) by conſidering that almoſt in all coun- 
tries, where obſervations have been made, there has been a plain and conſiderable altera- 
tion found in that which is commonly called the variation (for it is rather the declina- 
tion) of the ſea compals or magnetick needle, which is the diſtance by which the 
needle declines eaſt or weſt from the true north pole. And whereas formerly, at or 
near London the compals declined, as obſervations ſolemnly made, and upon record 
aſſure us, in the year 1590, above 11 degrees; in the year 1612, above 6 degrees; 
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in the year 1633, no leſs than about 4 degrees; it has of late been found to have 
very little or no varlati n. And at a place within half a league of Zondon, trying with 
a long and curious needle, purpclely made and poiſed, I could ſcarce diſcern any decli- 
nation at all, and if the ne dle declined ſenſibly any way from the pale, it ſeemed to 
do ſo a little towards the other ſide of heaven, than that towards which it did decline 
before. And having Þ afccrwards by the help of a merician line, much prized for 
having been accurately drawn by e inent artiticers, made an obſervation in London it- 
ſelf ; though 1 m:de it with two 1ſtiuments, whereof one was a choice one, differing 
from the former, and from one another, I ccoul4 not ſatisfy myſelt that I could diſ- 
cern the declination of the needle to excc d H a degree, if it amounted to ſo much. 
But fince obſervations of this kind may prove more conficerable than we yet know of, 
and fince they ought to he made ar diſtant places, I am contented to add here by way 
of confirmation, that th. Cape of Coed [icpe being one of the eminenteſt parts of the 
terreſtrial globe in reference to mavnetiims, the acquaintance I had with one of the an- 
cienteſt an} moſt experienced navigators of this part of Europe, invited me to addreſs 
myſelf to him, purpoſeiy to enquire of him, whether he had taken the variation of the 
compais at the Cape of Good liebe; and wat ther, if at all, he had taken it more than 
once, he anſwered, that he has often done it; whereupon afking him what he ſound 
the variation to be, and whether he had obierved any charge of it in his ſeveral voy- 
ages, he replied, that when he was a young ſeaman, he obſcrved the variation to be 
about two degrees weſtward, and afterwards, during many years that he {ail.d to and fro 
berwixt Eaſt India and Europe, he found the variation to encreaſe by degrees; ard 
whereas he had learned fromm ancient writings and the tradition of old ſcamen, that be- 
fore his time they had iourd no variation at all, he about 15 years ago (which was the 
laſt time he took :t) found it by accurate inſtruments, to be 6 degrees and about 48 mi- 
nutes, So that during the time that he practiſed the ſeas about the Cape of Gd Hope, 
the variation ſtill weſt ward had increaſed near 5 degrees. Upon theſe grounds, which 
I may eliewhere have occaſioa to confirm by further obſervations, I cannot but think it 
probable that there may be agents that we know not of, that have a power to give the 
internal parts of the terreſtrial globe itſelf a motion; of which we cannot yet certainly 
tell according to what laws it is regulated, or ſo much as whether it be conſtantly regu- 

lated by certain laws or no. And what other changes, agents that can produce a. 
change in the terreſtrial globle itſelf may make in this, or that part of it, who can in- 
form us ? = | 

In the next place I conſider the great uncertainty and irregularity that we have hitherto 
obſerved in the weight of the armoſphere by our new ſtatical barometers, and much more 
ſenſibly by mercurial ones, without yet having diſcovered the cauſes of ſuch conſiderable 
alterations in the air {fave that in general they proceed for the moſt part from ſubterra- 
neal ſteams) whoſe influences upon other things may be more conſiderable than we 
have yet had opportunity to detect. | SIR | 

Ir is very remarkable what a late and ingenious writer, that lived in ſome of the yjgngour 
American iſlands, relates about the hurricanes in thoſe parts; namely, that before the de Roche · 
Europeans came thither, the inhabitants obſerved, that they had thoſe fatal rempeſts fort. 
once in ſeven years, and no oftener ; afterwards they were troubled with them but once 
in fix years; and in proces of time, the unwelcome viſits of thoie winds grew ſo fre- 
quent, that in my relator's time they came once a year; and, us a prodigy, they once 
odſerved two in one year; and afterwards three in another. I remembcr alto, that 
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meeting with an inquiſitive gentleman that had lived in Netw England, I deſired to know 
of him, whether in that part of the country where he reſided, there were not a great 
change made in the very temnerature of the climate? whereto he anſwered me, that 


there was, for it was grown much milder than formerly; and becauſe I doubted whe- 


ther this change might not have been either accidental for a year or two, or apparently 


to the Engliſh, whoſe bodi:s by degrees might grow more accuſtomed to the cold- 


neſs of the country, and leſs ſenſible of it; it was anſwered, that this change had been 
obſerved for many years after the Engliſh had planted a colony there, and that the 
change was manifeſtly perceived by the natives too, by the remiſſer operations of the 
cold upon running and ſtanding waters, which were formerly wont to be frozen at ſuch 
and ſuch times. And I ſhall add for confirmation, that having one day the honour to 


be ſtanding by his majeſty when he received a ſolemn addreſs from New-England, de- 


livered by the governor of a colony there; that very inquiſive monarch, amongſt other 
queſtions, aſking him about the temperature of the air, he told his majeſty, in the pre- 
ſence of divers that came from America with him, © that the climate had much 
e altered and loſt much of its former coldneſs for divers years, ſince the Engliſh ſet- 
ce tled there.“ 5 

WHETHER this decrement of the ſharpneſs of the air will proceed, or how long it 
will continue, time will diſcover; but in the mean while, ſuppoſing with him the mat- 
ter of fact to be true, and that the change depends not on any manifeſt cauſe ; that 
which is happened already, ſeems to me very conſiderable, ſince I have lighted on a 
book * written by F one of the ancient planters of New England, by way of deſcrip- 
tion of that country; where, among other things, I find thoſe notable paſſages. The 
one in the ſeventh page: In former times, ſays he, the rain came ſeldom, but very 
violently, continuing its drops, which were great and many, ſometimes 24 hours toge- 
thers, ſometimes 48, which watered the ground for a long time after; but of late 
the ſeaſons are much altered, the rain coming oftener, but more moderately, with leſs 
thunder and lightnings, and ſudden guſts of wind. And the other in the 84th page; 
where ſpeaking of the heathen natives, he ſays, They acknowledge the power of the 
Engliſhman's God, as they call him, becauſe they could never yet have power by their 
conjurations to damnify the Engliſh either in body or goods ; and beſides they ſay, he 
is a good God that ſends them ſo many gocd things, ſo much good corn, ſo many 
good cattle, temperate rains, fair ſeaſons, which they likewiſe are the better for ſince 
the arrival of the Engliſh ; the times and ſeaſons being much altered in ſeven or eight 
years, free from lightning and thunder, long droughts, ſudden and tempeſtuous daſhes 
of rain, and lamentable cold winds. | 


So that by this it appears, that this grateful decrement of the coldneſs and rudeneſs 
of that climate was already taken notice of ſa || many years ago. | 


To theſe relations may pertinently be ſubjoined a paſſage of the learned Magnenus in 
his ingenious little tract de Mannd  ; where he very ſolemnly delivers this notable 
obſervation, that in the country he calls Cenotria, there was no manna to be found a 


* Intitled, New England's proſpect. + Mr. V. Wood. 
The book was publiſhed thirty-five years fince. 
t Sanctiorum naturz interpretum nullus fraxinum inter arbores gummiſer?* aut reſiniferas recenſuit. 
lilud omnito, quo Allomatus ſeſe jactare videtur, ignoravere curiotifimi rerum indagatores, Plinius, Gale- 
nus, Theophraſlus, & qui medium ætatem impleverunt viri doctrinà diligentiaque celebres ; quia ſcilicet illis 
temporibus multum pluebat in Calabria manna, quod a duobus tantummed» ſcculis legi cœptum. Die 
amabo, Altomate, cur ante trecentos annos multum manna fuit in Cænotrid: jam certe aderant pagi ibidem 
urbeſque vicinæ, neque vero fclelliſſet curioſam incolarum ſolertiam vihil plane video, quod pro te adduct 
poſſit ad hujus difficultatis cvitandas anguſtias. Magnenus de Manna, P. M. 49. 
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'Fitle zbove three hundred years ago: and that in Calabria itſelf, a province ſo famous 
for manna, that the beſt is denominated thence, and that furniſhes a great part of Europe 
with that odd drug, it is but ſince two ages, or thereabouts, that manna has fallen, or, 
as he exprefles it, rained. | 
| xxow not whether it may be worth while to mention, after theſe more weighty ob- 
ſervations, the œconomical traditions of houſe-wives, which 1 ſhould not think worth, 
taking notice of in this place, but that having purpoſzly enquired after the truth of it, 
of two very ſober perſons (much verſed in the art of making ſwearmeats) that have, 
eſpecially one of them, often tried it; they ſeriouſly affirmed to me that they find the 
ſpots made in linen by the juices of fruit (particularly of red currants) in ſtraining bags, 
will beſt waſh out (nay ſcarce otherwiſe) at that time of the year when thoſe fruits are 
pe the enſuing year. 
To which may be for affinity's ſake annexed, what is related by the ingenious French 
writer of the hiſtory Des Jes Antilles *, where he lived divers years; who, ſpeaking of 
the fruit they there call Acsjon, tells us, that the juice of ſome of the internal parts of 
it, though reputed an excellent remedy in fainting fits, is of ſuch a nature, that if it 
chance to fall upon a piece of linen, it turns to a red ſpot, which laſts till the tree come 
to be again in flower; which phenomena, if the length of time, and the heat and tem- 
perature of the air uſual in the ſeaſons of producing bloſſoms and ripening of fruits, 
be found to have little or no intereſt in their cauſation, may prove of ſome uſe in our 
preſent enquiry. 
WHATEVER be the true cauſe of the ebbing and flowing of the ſea, yet at ſpring-tides 
the motions of ſuch vaſt maſſes of matter as the great ocean, and moſt of the ſeas, are 
ſo conſtantly co-incident with the new and full moon; and the more ſtupendous ſpring- 
tides have been in moſt places ſo long obſerved to happen regularly enough about the 
æquinoxes, that it is worth an enquiry (though I cannot here afford it one) whether 
theſe conſpicuous phænomena may not ſomewhat confirm the conjectures we are diſ- 
courſing of, 
Ax when I remember how many queſtions I have aſked navigators about the lumi- 
nouſneſs of the ſea z and how in ſome places the ſea is wont to (ſhine in the night as 
far as the eye can reach; at other times and places, only when the waves Caſh againſt 
the veſſel, or the oars ſtrike and cleave the water; how ſome ſeas ſhine often, and other 
have not been obſerved to ſhine; how in ſome places the ſea has been taken notice 
of to ſhine when ſuch and ſuch winds blow, whereas in other ſeas, the oblervation holds 
not; and in the ſame tract of ſea, within a narrow compaſs, one part of the water will 
be luminous, whillt the other ſhines not at all: when, I ſay, I remember how many of 
theſe odd phænomena belonging to thoſe great maſſes of liquor I have been told of by 
very credible eye-witneſſes { whoſe narratives to me you may elſewhere nect with) I am 
tempted to ſuſpected that ſome coſmical law or cuſtom of the terreſtrial globe, or at 


— 


leaſt of the planetary vortex, may have a conſiderable agency in the production of theſe 
effects. 

Nor am I ſure that ſome ſubterraneal changes, or ſome yet unobſerved commerce 
between the earth and other mundane globes, has not an intereſt in the origin, continu- 
ance, and expiring of thoſe diſeaſes that phylicians call new, which invade whole coun— 
tries (and ſometimes greater portions of the earth) and laſt very many years, if not 
ſome ages, before they come to be extinct : of which ſorts of diſeaſes divers learned men 
have reckoned up divers, and whereof the venereal pox at leaſt, as to its origin and 


| * Hiſtoire Naturelle des Iſles Antilles. Liv. I. Chap. 6. 
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ſpreading, is but too manifeſt and unhappy an inſtance ; whereto, according to ſome 
eminent doctors, we may add the rickets, a diſeaſe which, though ſcarce known in other 
countries, is here in England ſo fatal to children, which firſt (as is affirmed) diſcovered 
itſelf among us within the memories of multitudes of men yet alive: but of this perhaps 
more elſewhere. | 8 

Ir I ſhould now further deſcend to the peculiar phænomena of particular regions, 1 
mult launch out into a diſcourſe I could not have the leiſure to ih and therefore I 
ſhall only advertiſe you of two ſuſpicions more, that I hold not unfit to intimate to you, 
about the eſtabliſhed laws and cuſtoms of nature. | 

Tus firſt of them is this, that I doubt thoſe that are thought the grand rules whereby 
things corporeal are tranſacted, and which ſuppoſe the conſtancy of the preſent fabrick 
of the world, and courſe of things,” are not altogether ſo uniformly complied with as we 


are wont to preſume ; at leaſt, as to the lines, according to which the great mundane 


bodies move, and the boundaries of their motions; for what reaſon the wiſe author of 
nature pleaſed to permit that it ſhould be ſometimes, as it were, over ruled by the 
boiſterouſneſs (if I may ſo call it) and exorbitant motions of unruly portions of matter, 
I muſt not in this place (though I do it in another) inquire : but when I confider the na- 
ture of brute matter, and the vaſtneſs of the bodies that make up the world, the ſtrange 
variety of thoſe bodies which the earth does comprize, and others of them may not 
abſurdly be preſumed to contain; and when I likewiſe conſider the fluidity of that vaſt 
interſtcllar part of the world wherein theſe globes ſwim, I cannot but ſuſpect there may 
be leſs of accurateneſs, and of conſtant regularity, than we have been taught to believe, 
in the ſtructure of the univerſe, and a greater obnoxiouſneſs to deviations than the ſchools, 
who were taught by their maſter Ariſtotle to be great admirers of the imaginary - perfec- 
tions of the celeſtial bodies, have allowed their diſciples to think. And in effect, to 
ſpeak only of the nobleſt of them, the ſun, and to paſs by about his motions the ob- 
ſervation of the exacteſt aſtronomers, that natural days are not all of equal length (what- 
ever the vulgar of philoſophers ſuppoſe to the contrary); and not to take notice of the 
great diſpute betwixt the eminenteſt aſtronomers, even of our times, about the anomaly 
attributed to the motion of the ſun's apogeum : to pals over theſe things, I ſay, the 
ſun himſelf doth not only, from time to time, do what divers of our later aſtronomers 
ſtile to vomit out great quantities of opacous matter (which are called his ſpots) ſome of 
them bigger, perhaps, than Europe or Aſia, but has had almoſt his whole face ſo 
darkened with them (as about the end of Cz/ar's and the beginning of Auguſtus's go- 
vernment) that for about a year together he was, as it were, under an eclipſe. To 
which if we add thoſe celeſtial comets (for I diſpute not now about ſublunary ones) 
their number, vaſtneſs, duration, odd motions from orb to orb (as the ancients would 
have ſpoken) and other phenomena (whatever the cauſes of them be) it will appear, that 
even in the cceleſtial part of the world all is not ſo regular and unvariable as men have 
been made to believe. 

I nap ſome doubts whether this might not be much confirmed by what has been re- 
lated by ſome navigators that have been in the ſouth-ſea, about certain black clouds 
ſaid to move as regularly in the antariick hemiſphere, as the neighbouring ſtars them- 


ſclves; to which ſome of our Engliſh ſeamen (whether firſt or no, I know not) have 


added, certain white clouds in the ſame hemiſphere move no leſs regularly. Of theſe re- 
lations, 1 ſay, I conſidered whether ſome uſe might not be made to my preſent pur- 
poſe ; but having made the beſt enquiry I could of thoſe few perſons of note I could 
meet with, that were likely to inform me, I do not yet ſee cauſe to alledge theſe phæ- 
nomena by way of arguments. But yet, ſince I find that even pilots who have been 

frequently 
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frequently in ſome parts of the Eaſt-· Indies, have not (whether becauſe they ſailed not 
far enough to the ſouthern pole, or upoa ſome other ſcore) taken notice of them, I 
ſhall ſubjoin as a part of natural hiſtory, not obvious to be met with, the beſt ac- 
count 1 could procure of them; which was from an obſerving captain of an Eaſt-India 
ſhip, with which he lately adventured to unfrequented parts of the ſouth-ſea. 

Taz ſubſlance of his anſwers to me about the forementioned phenomena was this, 
that he had divers times ſeen in the ſouthern hemiſphere, and in that part of the milky 
way, which is not to be ſeen upon our horizon (for he ſays, the galaxy is either com- 
pletely, or almoſt a circle) two or three places that look like clouds, and move about 
the earth regularly with the white part of the circle in 24 hours. But by what he re- 
plied to ſome further queſtions that I aſked him, I gathered, that if theſe be the black 
clouds that navigators have ſpoken of, thoſe that gave them the name of clouds were 
probably much miſtaken z ſince, he anſwered me, that theſe are not black, but of a 
deep blue, which makes me ſuſpect them to be but perforations, if I may ſo ſpeak, of 
the milky way, by which I mean parts of the azure-ſky that are ſuffered to be ſeen by 
the diſcontinuations of the parts of the galaxy. And to this account of the dark clouds, 
his further anſwers gave me this of the white ones; which, he ſays, ſome call the Ma- 
gellanick clouds, about which he related ; | 

Tnar he had divers times ſeen towards the ſouth- pole, the clouds that ſome few 
navigators mention to be there, and to move about the pole in 24 hours. 

THarT he began to diſcover them plainly, when he was in about 18 degrees (as I re- 
member) of ſouth latitude, 

THAT they were white, in number three (though two of them be not very diſtant 
from each other) the greateſt being far from the ſouth-pole z the other not many de- 
grees remoter than that ſtar, which of the “ conſpicuous ones, they reckon to be neareſt 
to the pole; though it be about eleven degrees diſtant from it. 

Bur from this account of his I dare not, as I was intimating, conclude theſe to be 
ſuch clouds as they are taken for, becauſe, for aught 1 know, if they were looked on 
through a good teleſcope, they would be found conſtellations of ſmall and ſingly incon- 
ipicuous ſtars, like thoſe of the galaxy, the belt of Orion, &c. but to be reſolved about 
theſe matters, it is not amiſs to expect further obſervations, the propoſed conjectures 
veing made but upon a ſuppoſition of the truth and ſufficiency of the relations. 

And thus much for the firſt of the two ſuſpicions that I above intimated I would 
propole to you: the other is very different from it, and might ſeem contradictory to 
it, but that they belong not to the ſame caſes ; for though 1 lately told you 1 ſuſpected 
that in ſome things, eſpecially relating to the lines, according to which, and the limits 
within which ſome great maſſes of matter are ſuppoſed to perform their motions, there 
is more accurateneſs fancied than there really is; yet I ſhall now add, that there are 
caſes wherein J am not quite out of doubt, but that we may ſometimes take ſuch things 
tor deviations and exorbitancies from the ſettled courſe of nature, as, if long and at- 
tentively enough obſerved, may be found to be but periodical phænomena, that have 
very long intervals between them; but becauſe men have not ſkill and curioſity enough 
to obſerve them, nor longevity enough to be able to take notice of a competent number 
of them, they readily conclude them to be but accidental extravagancics, that ſpring 
not from any ſettled and durable cauſes; for the world, like a great animal, producing 
lome effects but at determinate ſeaſons ; as nature produces not beards in men till they 
have attained ſuch an age, and the menſes (as they call them) uſe not to happen to wo- 


* This wary expreſſion keeps my relator from being contradicted by a curious modern aſtronomer, who 


tells of a ſtar not three degrees diſtant fiom the ſouthern pole; but then he ſays too, that it is a ſtar of but 
the fiſth magnitude. 


822 men 


323 


324 


Coſmical & wſpicions. 


men before they come to ſuch years, nor to laſt beyond ſuch other years of their life; 
as may be alſo obferved within a far ſhorter compaſs of time in the growth and falling of 
ſtags horns and bucks: if the firſt man had lived but one year in the world, he would 
perhaps have thought the bloſſoming of trees in ſpring, and their bearing fruit in ſum- 
mer, but an accidental thing, and would have looked upon the eclipſe of the ſun as-a 
prodigy of nature ; obſerving, that though every new moon the ſun and ſhe came very 
near together, yet neither before nor after was there any ſuch terrible phænomena conſe. 
quent thereupon, And we ourſelves may eaſily remember what ſtrange conjectures we 
had of the ſtrangely varying appearances of Saturn, for divers years after our teleſcopes 
firſt diſcovered them to us. 

Bur moſt remarkable is that celeſtial phænomenon afforded us by the emerging, diſ- 
appearing, and re-appearing ſtars of this age; which have been obſerved in the girdle 


of Andromeda, and in or about the ſwan's breaſt (which is: ſaid to have been ſeen in the 


year 1600, and to have vaniſhed in 1621) and eſpecially that, which having about 25 

years ago appeared for a while in the whale's neck among the fixed ones, and after- 
wards by degrees diſappeared, was looked upon by thoſe aſtronomers of that time, who 
did not out-live it, as a cceleftial comet: but afterwards an ingenious Engliſh gentle- 
man of my acquaintance having obſerved here (as well as the vigilant curiolity of ſome 
few later aſtronomers hath taken notice of elſewhere) the return of the like phænome- 
non in the ſame part of heaven; it begat much wonder im all (which was increaſed b 

the flow diſappearing of it) and in ſome curious men a reſolution to have a watchful 
eye upon that part of the ſky. Since when the juſtly famous Bullialdus, and beſides - 
ſome eminent foreign virtuofi (whoſe names I know not) divers excellent perſons of our 
own nation having taken notice of it in the wonted place (where I had ſometimes the 
ſatisfaction of ſeeing it); theſe obſervations, and eſpecially the laſt diſappearance of 
a ſtar judged to have been placed among the fixed ones, and eſtimated to be of the- 
fourth (if not the third) magnitude, have ſomewhat confirmed me in the ſuſpicion I am 
now treating of. For if this and the other new ſtars do continue to return periodically 
to the ſame part of heaven, where they have been already long ago feen ; as at leaſt for 
as much as concerns this, its gradual increaſing after it firſt begins to ſhew itſelf, and 
decreaſing afterwards, ſeem to promiſe; then I may with ſomewhat more of probability 
than before, ſuſpect that there may be vortices beyond the concave ſurface of what we 
call the firmament; which ſuſpicion, if true, would much disfavour the hypotheſis we 
now have about the ſyſtem of the world, and will favour what I conjectured as poſſible 
about periodical phænomena. And however, if either the new ſtar, without depart- 
ing from its place, be only ſometimes by degrees overſpread and hid by ſpots, like thoſe 
I formerly mentioned to have obſcured the ſun, which are afterwards by degrees diſſipated, 
as I at firſt ſuſpected; or if it have a dark hemiſphere as well as a light one (or rather a 
greater part of its globe obſcure than luminous, as Bullialdus ingeniouſly conjectures) and 
by turring ſlowly about its own center and axis, doth ſometimes obvert to our 
eyes its luminous part, and ſometimes its dark part (as Jupiter is ſaid to do its belt- 
like ſpots, whence it muſt gradually both appear and diſappear; according to either of 
theſe two hypotheſes (though not ſo much as in that which preceded them) there will be 
reaſon to queſtion the great uniformity imagined to be in the cceleftial bodies and mo- 
tions; and to favour what has been propoſed about periodical mutations in the mun- 
dane globes; eſpecially ſince theſe phenomena argue, that even thoſe ſtars we call fixed, 
and have looked upon as ſo invariable, are ſubject to mutations great enough to be taken 
notice of by our naked eyes at ſo immenſe a diſtance. I ſhall not here proſecute this 


diſcourſe, becauſe I would not anticipate what I foreſee I ſhall have occaſion to ſay * 
; x 


Coſmical Suſpicions. 


the terreſtrial effluvia, with their cauſes and effects, in another diſcourſe “, but I think 
my{elf obliged to mind you in this place, that doubts and ſuſpicions are the only things 
promiſed by the title of this diſcourſe ; and therefore I ſhall not quarrel with you, if you 
conjecture, that though the laſt propoſed ſuſpicion may prove well grounded in ſome 
caſes, yet in ſome others, the exorbitancies of the matter may, if they chance to be re- 
peated, occaſion a new cuſtom, that may -have the force” of a. law in this, or that part 
of the mundane globes, particularly in this terreſtrial one we inhabit ; as waters, by their 
frequent overflowings of the banks that cannot contain them, do ſometimes make them- 
{elves new paſſages by their own deviations, and as it were, affect to run in the channel 
they once made. And as it happens allo in animals, that noxious humours having once 
found a vent at an iſſue or an ulcer, do conſtantly take their courſe that way; which 
brings into my mind this odd obſervation, that having occaſion to pals ſome years ago 
out of England into Ireland, traverſing the maritime county of Waterford, the convoy 
that went with me ſhewed me once in my way, at a pretty diſtance off, a mountain, 
from whoſe higher parts there ran precipitouſly a river (Which by my eſtimate was 
pretty broad) chat within but two or three years before, at furtheſt, firſt broke out with- 
out any manifeſt cauſe from a great bog, that had been immemorially at the top of that 
mountain, and to the wonder of the inhabitants, after the firſt eruption of the water, 
had ſupplied the country with a river ever ſince: the circumltances of which new phæ- 
nomenon I would gladly, at a nearer diftance, have obſerved, but the convoy was not 
fond of a curioſity ſo dangerous in an enemy's country. 

Ornex inſtances to the fame purpoſe I cannot now conveniently ſtay to preſent you, 
having already made the conjectural part of this eſſay diſproportionate to the other: and 
I hope th-re is already enough laid in this latter part to anſwer my deſign, which was 
to excite your Curioſity to ſeek after ſome certainty touching the things doubted of; 
and ſtrive to enable yourſelf by watchful oblervations, ſomewhat to eaſe me of the 


troubleſome ſuſpicions I have confeſſcd to you, by telling me whether they are altoge- 
ther groundleſs or not. 


1 The reference here. made is to a Tract about che Effects and Cauſes of ſome unheeded Changes in the. 
IT, 
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SUBTERRANEAL REGIONS, 


As to HEAT and COLD. 


ADVERTISEMEN T. 


HE two following tracts were deſigned to have been accompanied by three or 

four others, whereof the firſt treated about the temperature of the regions of the 
air, as to heat and cold, and had been premiſed to the two that now come forth, had 
it not been judged more proper to reſerve them to accompany ſome other papers con- 
cerning the air. To the following tract about the ſubmarine regions, it is thought fit 
to adjoin ſome relations about the bottom of the fea ; to which was to have been added 
ſome obſervations concerning the ſaltneſs of the ſea ; but in that treatiſe, ſome blanks 
having been left for particulars, which the author could not ſeaſonably find among his 
looſe papers to fill them up with, theſe that now appear, having no dependance on 
them, it was not thought fit they ſhould ſtay any longer for them. 

Bur about theſe ſeveral tracts, this general advertiſement is to be here given, that 
being hiſtorical pieces, conliſting chiefly (though not only) of ſuch particulars as the 
author muſt owe to the informations of others, he would not ſtake his reputation for 
the truth of every one of them ; contenting himſelf to have performed what can be 
reaſonably expected of him; which is, that he ſhould carefully make his inquiries from 
credible perſons, who, for the moſt part, deliver their anſwer upon their own knows 


ledge; and that he ſhould faithfully ſet down the accounts he procured from ſuch 
relator s. 3 | 


* 


Of the TEMPERATURE of the SUBTERRANEAL REGIoONs, as 10 
HEAT and COLD. 


CHAPTER I. 


F when I uſed to viſit mines, I had thought of writing on the ſubject I am now about 
to treat of, and had deſigned to ſatisfy myſelf about the temperature of the ſubterra- 
neal air, as much as I did about the other ſubjects I was then concerned to be A”; 
ol, 
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of, I think I ſhould have enabled myſelf to deliver much more upon my own obſerva- 
tion than I ſhall now pretend to do. But though for the reaſon newly intimated, and 
becauſe of my being particularly ſubject to be offended by any thing that hinders a full 
freedom of reſpiration, I was not ſolicitous to go down into the deep mines; yet, after 
having diſcourſed of the temperature of the air above ground, I preſume it may not be 
improper or unwelcome to ſay ſomething of the temperature of the ſubterraneal regions 
and of the air reaching thither : for deep mines being places which very few have had 
the opportunity and fewer have had the curioſity to viſit, and of which I have ſcarce 
found any thing at all obſervable by claſſick authors, and by other writers but very little, 
eſpecially that I think probable enough to make uſe of; I preſume it will not be un- 
acceptable to you, if, of regions ſo little frequented and leſs known, I report what I 
have been able to learn (by diligent enquiry purpoſely made) from the credible relations 
of ſeveral eye-witneſſes differing in nation, and for the moſt part unacquainted with each 
other. 

Troven Ido not think it abſurd to ſuſpe&, that in ſome places of the earth the pecu- 
Har conſtitution of the ſoil and other circumſtances may make it reaſonable to aſſign thoſe 
places fewer or more regions than three; yet, ſpeaking in the general, the ternary num- 
ber ſeems not inconvenient to be aſſigned to the ſubterraneal regions; not ſo much upon 
the ſcore of the analogy that by this diviſion will be eſtabliſhed between the. regions of 
the earth and of the air, as becauſe there ſeems to be a reaſon of the diviſion included 
in the diviſion itſelf. And indeed experience appears to favour it in the ſubterraneal ca- 
vity that I have hitherto been able to procure an account of from any oculzr witneſs, and 
(very few excepted) one of the deepeſt that we yet know of in the world. And ſince 
it has been received for a rule among philoſophers, that which is perfecteſt or completeſt 
in its kind ought to be the ſtandard whereby the reſt are to be meaſured or eſtimated, . 
I ſhall begin the remaining part of this eſſay by a relation that I obtained from a che- 
miſt that had purpoſely travelled into Hungary and other places, to viſit the mines thoſe 
parts are juſtly famous for; and who bringing me the honour of a compliment from a 
prince, to whom he belonged, gave me the opportunity of aſking him divers queſtions, 


his anſwers whereunto (which I preſently after put into writing) afforded me the enſuing . 
account, 


* 


C 


Tnar very near the orifice of the groove he felt the air yet warm; but afterwards 
deſcending towards the lower parts of the groove he felt it cold until he came to ſuch 
a depth as he had ſcarce attained by a quarter of an hour's deſcent, and that the cold he 
felt during this time ſeemed to him conſiderable, eſpecially when in deſcending he had 
reached to a good depth. | | 

Thar after he had paſſed that cold region he began by degrees to come into a warmer 
one, which increaſed in heat as he went deeper and deeper; fo that in the deeper veins 
he found the workmen digging with only a ſlight garment over them; and the ſubterra— 
neal heat was much greater than that of the free air on the top of the groove, though 
It were then ſummer. | | | 

[Wnar is here mentioned of a cold region in the earth has been ſince confirmed to 
me by an ingenious phyſician upon an obſervation made in another Hungarian mine 
(near a town whoſe name I remember not) that was not of gold, but copper, and of 
much leſſer deepneſs than that newly ſpoken of; for this relator antwered me, that in 
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going down he felt a conſiderable degree of cold; and when I aſked whether he found 


the like in his return upwards, he told me he obſerved it then too: and when I further 
inquired after the extent of this cold region, he replied, that not expecting to be aſked 
about ſuch circumſtances, he had not taken particular notice of them; but thus much. 
information my queſtions procured me, that he began to feel the above-mentioned cold- 
neſs, when he coald receive no more light at all by the mouth of the groove; and that 
this cold region laſted till he came ſomewhat near the bottom, which was eſtimated to 
be about an hundred fathom or more diſtant (in a ſtraight line) from the top. 

Tuts relation agrees well enough for the main with that ſhort but conſiderable one of 
Marinus, which I elſewhere cite, who, above forty-five years ago, viſited the deep Hun- 
garian mines in the month of July, and takes notice, that when he came down to the 
burrows, as he calls them, he did not find any. heat as at the mouth of the well, but the 
beginning of a very cold as well as conſiderably thick region; though I eaſily believe him 
when he confeſſes that he felt it much the colder, becauſe he had left off his own cloaths 
and put on the flight garments uſed there by the diggers. He further informs his reader, 
that when they had deſcended about 80 fathoms beneath the ſurface of the earth, he begin 
to feel a breath of an almoſt lukewarm air; which warmth increaſed upon him as he de- 
ſcended lower, pleaſing him not a little, becauſe it freed him from the troubleſome ſcents 
of his former coldneſs; adding, that the overſeer of the mine, who conducted him, 
affirmed to him, as allo the officers of other Hungarian mines unanimouſly did, that in 
all their mines, at leaſt all the deep ones, after a thick tract of cold earth there. ſucceeds 
a lower region that is always hot; and that after they arrived at ſuch a depth they felt 
not any more cold, but always heat, how deep ſoever they dig: and to add upon the 
by, though this learned man lay much weight upon antiperiſtaſis, yet in the next page 
to thoſe that contain what I have been juſt now relating, he either very candidly or in- 
conſiderately takes notice that they informed him, that in their mines, whether more or 
le ſs deep, they obſerved, that at ſome times in the year a ſomewhat intenſer heat was 
felt; and the two times that he expreſsly names are thoſe oppoſitely qualified ſeaſons of 
ſummer and winter, | 

HavinG laid down theſe general narratives, I now proceed to conſider the earth's re- 
gions in particular; about which the ſum of what I yet have to propound may be conve- 
niently enough comprized in the four following propoſitions. | 


. 
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„Tux girſt region of the earth is very variable both as to bounds and as to tempera- 
* | 
Tre former part of this obſervation will not be difficult to prove, ſince it will be 
eaſily granted that the manifeſt operation of the ſun;beams is ceteris paribus greater, and 
reaches further in hot climates than in cold ones; in the midſt of ſummer than in the 
depth of winter. | 
Tas ſecond part of the obſervation may be proved by the ſame arguments as the firſt ; 
to which may be added, as to ſome places, the ſolidity or porouſneſs of the earth; as alſo 
the nature of ſome ſalts, marchaſites, and other bodies contained in it, which by their 
natural temperature may diſpoſe the ſoil to coldneſs or heat, as I ſhall have occaſion to 
ſhew when J come to ſpeak of the ſecond region. 1 
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In the mean time I have this to obſerve further, that in this firſt region the air is uſually 
more temperate, as to cold and heat, than that above the ſurface of the earth; and that 
this region is not wont to be conſiderably deep, both parts of which obſervation are ca- 
pable of being made good by the ſame reaſons, and therefore I ſhall endeavour to prove 
them jointly. 

* Ar. 1 the uppermoſt region of the earth it ſhould be leſs cold than above the ſur- 
face ſeems reaſonable to be allowed upon this conſideration, that the ſubterraneal cavities 
of the earth are ſheltered by the thickneſs of the ſides from the direct action of the ſun- 
beams, the winds, &c. and is alſo kept from an immediate, or at leaſt from ſo full a 
contact of the external air, when that is vehemently either heated or refrigerated. 

Anp firſt as to the heat of the ſun, that that does much leſs powerfully affect ſuch 
places as are ſheltered from its action by ſolid bodies, may appear by the conſervatories 
of ice and ſhow, wherein frozen water is kept in that ſtate during all the heat of ſummer, 
and that oftentimes in cavities that are at no conſiderable depth beneath the ſuperficies of 
the earth: nay 1 remember, that having had occaſion (for the perfecting of ſome con- 
cluſions I was trying) to keep ice many weeks after the froſty weather was gone and a 
milder ſeaſon was come in, I was able to do it, contrary to the expectation of ſome 
curious men, without either digging to a notable depth in the ground or building any 
ſubſtantial ſtructure over the cavity. For wanting conveniencies, I contented myſelf, 
though it were in a champain place, with a pit ſomewhat broad at the bottom, of about 
four feet deep or leſs, whoſe mouth was ſheltered only by a little low thatched hovel that 
was wide open to the north, and only ſcreened the mouth or vent of the little pit from 
the direct beams of the ſun: and though I will not deny that in deep conſervatories of 
ſnow, the natural coldneſs of the earth, eſpecially in ſome places, may contribute to the 
effe& ; yet I remember, that diſcourſing once with a traveller and ſcholar that was born 
in hot countries, of a conjecture of mine, that in an arched building whoſe walls were 
ſufficiently thick and whoſe air were cart fully kept from all avoidable intercourſe with 
the external air, one may, without digging ſo much as a man's depth into the ground, 
make a ſufficient conſervatory for ice in very open and unſheltered places, and even ſuch 
as Saliſbury Plain itlelf ; diſcourſing, as I began to ſay, with this traveller about this con- 
jecture, he told me, that at a place he named to me, in the ſouthern part of France, 
whoſe heat ſeemed to me to exceed that of divers parts of 7/aly, ſome curious perſons 
that were reſolved at any rate to have ice in ſummer, though the ſoil were ſuch that they 
could not dig four feet without mecting with water, were yet able to make uſe of conſer- 
v2tories, by covering the brick building they made over their pits with clay and ſand to 
a very conliderable thickneſs, and taking care that the only place that ſhould permit 
acce's to the outward air ſhuuld be a ſmall northern door to go in and out at, fitted to 
ſhut exactly cloſe, and fenced with a little porch furniſhed with another door: and by this 
means he affirms theſe gentlemen to reſerve the included ice, not only all the ſummer 
long, but ſometimes for two or three years together, the heat of that region making many 
vi their winters too mild to recruit them with ice. 

To all thele things I ſhall add, that even where the intercourſe is not quite debarred, 
but left tree enough betwixt the ſubterraneal and the ſuperior air, the operation of the 
ſun beams may be very much leſs in a cavity though but ſhallow beneath the ſurface of 
the ground than above it. For beſides that trials have informed me that liquors, that 
differ in little elſe than in conſiſtence, will not ſo eafily pervade each other as a man 
would ſurmiſe, unleſs ſome external motion haſten their intimate mingling with one ano- 
ther; I remember, that one morning pretty late, having had the curioſity to deſcend into 
a pit where they were digging out iron ore, though this cavity had no very narrow ori- 
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going down he felt a conſiderable degree of cold; and when I aſked whether he found 

the like in his return upwards, he told me he obſerved it then too: and when I further 
inquired after the extent of this cold region, he replied, that not expecting to be aſked 
about ſuch circumſtances, he had not taken particular notice of them; but thus much. 
information my queſtions procured me, that he began to feel the above-mentioned cold- 
neſs, when he coald receive no more light at all by the mouth of the groove; and that 
this cold region laſted till he came {ſomewhat near the bottom, which was eſtimated to 
be about an hundred fathom or more diſtant (in a ſtraight line) from the top. 

Tuts relation agrees well enough for the main with that ſhort but conſiderable one of 
Mcrinus, which I elſewhere cite, who, above forty-five years ago, viſited the deep Hun- 
garian mines in the month of July, and takes notice, that when he came down to the 
burrows, as he calls them, he did not find any heat as at the mouth of the well, but the 

eginning of a very cold as well as conſiderably thick region; though I eaſily believe him 
when he confeſſes that he felt it much the colder, becauſe he had left off his own cloaths 
and put on the flight garments uſed there by the diggers. He further informs his reader, 
that when they had deſcended about 80 fathoms beneath the ſurface of the earth, he begin 
to feel a breath of an almoſt lukewarm air; which warmth increaſed upon him as he de- 
ſcended lower, pleaſing him not a little, becauſe it freed him from the troubleſome ſcents 
of his former coldneſs ; adding, that the overſeer of the mine, who conducted him, 
affirmed to him, as allo the officers of other Hungarian mines unanimouſly did, that in 
all their mines, at leaſt all the deep ones, after a thick tract of cold earth there. ſucceeds 
a lower region that is always hot; and that after they arrived at ſuch a depth they felt 
not any more cold, but always heat, how deep ſoever they dig: and to add upon the 
by, though this learned man lay much weight upon antiperiſtaſis, yet in the next page 
to thoſe that contain what I have been juſt now relating, he either very candidly or in- 
conſiderately takes notice that they informed him, that in their mines, whether more or 
le ſs deep, they obſerved, that at ſome times in the year a ſomewhat intenſer heat was 
felt; and the two times that he expreſsly names are thoſe oppoſitely qualified ſeaſons of 
ſummer and winter, | | 

HavinG laid down theſe general narratives, I now proceed to conſider the earth's re- 
gions in particular; about which the ſum of what I yet have to propound may be conve- 
niently enough comprized in the four following propoſitions. X 
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©« Tax Frſt region of the earth is very variable both as to bounds and as to tempera- 
. ture.” | 

Tax former part of this obſervation will not be difficult to prove, ſince it will be 
eaſily granted that the manifeſt operation of the ſun beams is ceteris paribus greater, and 
reaches further in hot climates than in cold ones; in the midſt of ſummer than in the 
depth of winter, 9 | 

Tat ſecond part of the obſervation may be proved by the ſame arguments as the firlt ; 
to which may be added, as to ſome places, the ſolidity or porouſneſs of the earth; as alſo 
the nature of ſome ſalts, marchaſites, and other bodies contained in it, which by their 
natural temperature may diſpoſe the ſoil to coldneſs or heat, as I ſhall have occaſion to 
ſhew when I come to ſpeak of the ſecond region. 1 


the Subterraneal R egions. 


In the mean time I have this to obſerve further, that in this firſt region the air is uſually 
more temperate, as to cold and heat, than that above the ſurface of the earth; and that 
this region is not wont to be conſiderably deep, both parts of which obſervation are ca- 
pable of being made good by the ſame reaſons, and therefore I ſhall endeavour to prove 
them jointly. 

Tnar in the uppermoſt region of the earth it ſnould be leſs cold than above the ſur- 
face ſeems reaſonable to be allowed upon this conſideration, that the ſubterraneal cavities 
of the earth are ſheltered by the thickneſs of the ſides from the direct action of the ſun- 
beams, the winds, &c. and is alſo kept from an immediate, or at leaſt from ſo full a 
contact of the external air, when that is vehemently either heated or refrigerated. 

Ax firſt as to the heat of the ſun, that that does much leſs powerfully affect ſuch 
places as are ſheltered from its action by ſolid bodies, may appear by the conſervatories 
of ice and ſhow, wherein frozen water is kept in that ſtate during all the heat of ſummer, 
and that oftentimes in cavities that are at no conſiderable depth beneath the ſuperficies of 
the earth: nay 1 remember, that having had occaſion (for the perfecting of ſome con- 
cluſions I was trying) to keep ice many weeks after the froſty weather was gone and a 
milder ſeaſon was come in, I was able to do it, contrary to the expectation of ſome 
curious men, Without either digging to a notable depth in the ground or building any 
ſubſtantial ſtructure over the cavity. For wanting conveniencies, I contented myſelf, 
though it were in a champain place, with a pit ſomewhat broad at the bottom, of about 
four feet deep or leſs, whoſe mouth was ſheltered only by a little low thatched hovel that 
was wide open to the north, and only ſcreened the mouth or vent of the little pit from 
the direct beams of the ſun: and though I will not deny that in deep conſervatories of 
ſnow, - the natural coldneſs of the earth, eſpecially in ſome places, may contribute to the 
effect; yet I remember, that diſcourſing once with a traveller and ſcholar that was born 
in hot countries, of a conjecture of mine, that in an arched building whoſe walls were 
ſufficiently thick and whoſe air were carefully kept from all avoidable intercourſe with 
the external air, one may, without digging ſo much as a man's depth into the ground, 
make a ſufficient conſervatory for ice in very open and unſheltered places, and even ſuch 
as Saliſbury Plain itſelf; diſcourſing, as I began to ſay, with this traveller about this con- 
jecture, he told me, that at a place he named to me, in the ſouthern part of France, 
whoſe heat ſeemed to me to exceed that of divers parts of 7aly, ſome curious perſons 
that were reſolved at any rate to have ice in ſummer, though the {oil were ſuch that the 
could not dig four feet without mecting with water, were yet able to make uſe of conſer- 
vatories, by covering the brick building they made over their pits with clay and ſand to 
a very conſiderable thickneſs, and taking care that the only place that ſhould permit 
acce!s to the outward air ſhuuld be a ſmail northern door to go in and out at, fitted to 
ſhut exactly cloſe, and fenced with a little porch furniſhed with another door: and by this 
means he affirms theſe gentlemen to reſerve the included ice, not only all the ſummer 
long, but ſometimes for two or three years together, the heat of rhat region making many 
vi their winters too mild to recruit them with ice. 

To all thele things I ſhall add, that even where the intercourſe is not quite debarred, 
but leit tree enough betwixt the ſubterraneal and the ſuperior air, the operation of the 
ſun beams may be very much leſs in a cavity though but ſhallow beneath the ſurface of 
the ground than above it. For beſides that trials have informed me that liquors, that 
ditfer in little elſe than in conſiſtence, will not ſo eaſily pervade each other as a man 
would ſurmiſe, unleſs ſome external motion haſten their intimate mingling with one ano- 
ther; I remember, that one morning pretty late, having had the curioſity to deſcend into 
a pit where they were digging out iron ore, though this cavity had no very narrow ori- 
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immediate contact it is by a thick arch of earth, if I may ſo call it, defended ; and that. 


.Of the Temperature of 


fice, and was dug directly downwards, and exceeded not ten or twelve feet in depth, yet 
I found not the heat at all troubleſome whilſt I ſtaid there, though the pit was in an 
open field, unſhaded by trees, and though the air abroad were much heated at that time 
> ON year, which was in that ſeaſon (or at leaſt very near it] that is wont to be called the 
og- days. 


S A A F. I. 


Anp as we have ſhewn that the fubterraneal air, even in the firſt region, is uſually: 
much leſs heated than the ſuperterreſtrial air, ſo we may eaſily obſerve, that that inferior 
air is (ceteris parilus) wont to be much leſs refrigerated by the grand efficients of intenſe 
cold than the ſuperior air. 

I wILL not urge on this occaſion what I have obſerved by a ſurer way than for aught I 
know has been before practiſed, about the ſmoaking of ſome ſprings in froſty weather; 
becauſe I do not know but that thoſe ſprings may have come from or paſſed a good way 
through ſome place very deep beneath the ſurface of the directly incumbent ground, and 
perhaps from a ſoil peculiarly fitted to warm them; whence the water may have derived 
a warmth conſiderable enough not to be quite loſt, till it began to ſpring out of the 
ground, where it needed only not to be quite cold, to appear to ſmoke; the intenſe 
coldneſs of the air making thoſe exhalations viſible in froſty weather which would not be 
ſo in milder, as is evident in a man's breath, which appears like a ſmoke in ſuch weather, 
though it be not viſible in ſummer. 

T#arT therefore, which I ſhall propoſe in favour of our obſervation, is firſt taken from. 
the nature of the thing, which may perſuade us that the ſubterraneal air being, though. 
comparatively cool, yet indeed moderately warm in ſummer, ought not to be affected 
with winter's cold fo much as that contiguous to the furface of the earth, from whoſe 


the cold reigns moſt in the free air and the ſuperficial parts of the terreſtrial globe, may 
appear by water's beginning to freeze at the top, not at the bottom; to which reaſon, 
from the nature of the thing, I ſhall add only this from experience, that we fee that in 
cellars that are arched and carefully kept cloſe from the communication of the outward 
air, beer and other liquors may be kept from freezing in froſty and ſnowy weather ; as 
J have obſerved in a cellar that was but ſhallow but well arched, in a winter that was 
ſharp to a wonder and froze ſtronger liquors than beer in another cellar very near it 
that differed not much from it in depth, but had not ſo thick and folid a roof: and that 
not only here in England where the cold is leſs violent, but even in Ruſſia itſelf where it 
is wont to be fo extreme, it reaches not near ſo deep as one would think, I learned by 
inquiry purpoſely made of an ingenious phyſician that lived at Moſcow, who anſwered 
me that others, and he himſelf, did in that city keep all the winter long, not only their 
wine but their beer from freezing, in cellars that were not above twelve or fourteen feet 
deep, but well covered above and carefully lined with planks of fir, without any en- 
trance but a ſmall trap-dgor (commonly at the top) which was fitted fo exactly to the 
orifice it was to cloſe, as to exclude, as much as was poſſible, all communication be- 
25 the internal and external air, that the latter might not affect the former with its 
coldnels. 2 | 

I Have indeed ſuſpected, that in ſome cellars the comparative warmth we find there 
may be partly due to ſubterrancal exhalations that are pent up in them, and perhaps too 


in ſome meaſure from the ſteams of the fermenting or fermented liquors lodged in ou 
| Places: 


the Subterraneal Regions. 7 


places: and I was ſomewhat confirmed in this ſuſpicion by an information my inquiries 
obtained from the newly mentioned doctor, who told me upon his own obſervation, 
that in one of the cellars he made uſe of at Moſcow, having occaſion to open the above 
mentioned trap-door after the cellar had for a good while been kept very cloſe ſhut, 
there came out at the vent that was thereby given a copious ſteam in the form of 
ſmoke, which to them who had their bodies affected with the external air, was very ſen- 
ſibly warm, and was almoſt unfit for reſpiration z which circumſtance increaſed my ſuſ- 
picion that there might be among theſe ſteams ſome of the nature of thoſe that have been 


obſerved to come from fermenting liquors, efpecially wine, and ſo abound in ſome cellars 


as almoſt to ſtifle thoſe that ventured into thoſe vaults, and to kill ſome of them out- 
right; which effects the long abode of ſubterraneal ſteams in ſtagnating air, even in man 
places where no metalline ores at all nor other noxious minerals have been found, has 
enabled that air to produce, of which divers ſad inſtances have been given within leſs 
than a mile of this place, upon men's firſt going down into pits or wells that had not in 
a long time been opened or made uſe of; but this is here mentioned only upon the by; 
nor have we any neceſſity to fly to ſubterraneal exhalations for the comparative warmth 
that good cellars in general afford in froſty weather, ſince that phænomenon may be ac- 
counted for by the reaſon formerly given, that the cloſeneſs of the cavity and the thickneſs 
of the ſides and roof keep it from being vehemently affected with the cold of the ambient 
air. 

I xxow it is pretended that the warmth we ſpeak of proceeds from an antiperiſtaſis ; 
but not now to engage in a controverſy that would take up-too much time, it may here 
ſuffice to repreſent, that in our caſe there appears no neceſſity of recurring to it, the 
phænomenon being ſolvable by the region newly cited, which may be confirmed by this 
experiment, that in the vaulted cellar above mentioned wherein beer was kept from freez- 
ing in an almoſt prodigiouſly ſharp winter, the included air, though ſenſibly warm to 
thoſe that came out of the free air, had not ſo intended its native heat as the aſſerters of 
antiperiſtaſis would have expected, being colder than the free air commonly is in that 
place, not only in the heat of ſummer, but in other ſeaſons, when the weather is tempe- 
rate, as I was aſſured by comparing my own obſervations made at other times, with the 
account brought me by a ſkilful perſon whom I employed in that cellar at late hours 
in one or two of the ſharpeſt nights of the forementioned cruel winter, with the ſame 


— ſealed weather-glaſs that I had long kept ſuſpended within a ſtone's caſt of that 
place. | | 


. 


Havixe ſaid thus much about the earth's uppermoſt region, I now proceed to that 


which lies next beneath ir, whoſe temperature I cannot ſo conveniently give an account 
of in leſs than two propoſitions, whereof the firſt is this: | 


PrnotrosttT1ioNn I 
Tux ſecond region of the earth ſeems to be for the moſt part cold in compariſon of 
© the Other two.“ 


Tris propoſition may be confirmed partly by reaſon and partly by experience. 
It 2 ANp 
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Ax fuſt, it ſeems conſonant to reaſon, that ſince the earth is naturally a body con- 
ſiſting of groſs and heavy parts that are uſually much leſs agitated than thoſe of our 
organs of feeling, it ſhould, as to ſenſe, be cold; and that therefore that quality may 
be juſtly aſcribed to it in that region, where, by virtue of its ſituation, it is kept from 
being conſiderably affected either by the hear of the ſuperior air, or by that of the deep 
parts of the earth; which upper and lower heat are the two agents that ſeem of all others 
the molt likely to put its parts into an unuſual motion, and thereby change its natural 
temper. £ 

THAT our propoſition is alſo confirmable by experience, may be gathered from the 
relations ſet down in the former part of this diſcourſe. | 

AnD here it will be proper to take notice of the advertiſement intimated in the cloſe 


of our above delivered propoſition, that this coldneſs aſcribed to the ſecond region of 


the earth is to be underſtood comparatively to the other two. For otherwile that even 
this earth is not, as many naturaliſts would have it, the ſummum frigidum, 1 gather from 
this, that I could never hear of any ice met with there at any time of the year, though 
ſnow or hail may be produced in the middle region at differing, and ſometimes quite oppoſite 
ſeaſons of the year; nay, I have not found by the anſwers that were made me by thoſe that 
have deſcended far enough into this region, that they tound the cold any where very great, 
or that in ſome places they have found it at all conſiderable ; as we ſhall ſee in the ex- 


plication of the next propoſition. I know not whether it will much ſtrengthen what has. 


been ſaid, if I add, that I learned by enquiry of ſuch perſons as I lately mentioned, that 
at the mouth of deep grooves, in mines, the ſteams that aſcend do often feel warm; 
though the outward air, where the obſervation is made, be affected with the heat of 
ſummer : but though this probably argues, that if the middle region of the earth through 
which theſe ſteams muſt aſcend were very intenſely cold, they would be fo refrigerated 
in their paſſage as to feel rather cold than hot at their appearing above ground, eſpecially 
in ſummer; yet 1 ſhall not lay much weight (for ſome may perhaps be allowed it) upon 
this argument, becauſe I have not yet tried how far a warm ſteam may be altered in its 
paſſage through a cold conduit; not to mention, that in the earth, the paſſage, by being. 
directly upwards, may be much the nimblier traverſed. 


. 


Tur ſecond propoſition relating to the temperature of the ſecond region of the earth: 
may be delivered in theſe terms: | 


PAO r OST ron HE 


<« In ſeveral places, which, by reaſon of their diſtance from the ſurface of the earth, 
* one would refer to the middle region of it, the temperature of the air is very differing 
„at the ſame times of the year.““ 

I cnoss to expreſs myſelf thus to prevent ſome ambiguities and objections which I fore- 
faw that ſhorter, but leſs clear and full expreſſions might give occaſion to. 

In the proot of our propoſition both experience and reaſon may diſtinctly be employed. 
And to begin with experience, | 

WHEREAS in the above-recited deſcent into the Hungarian mines there was obſerved 


a notably cold region of a conſiderable thickneſs, I have purpoſely procured * 
rom 
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from divers perſons that have here in England had occaſion, ſome of them frequently, 
to deſcend into deep pits or grooves of differing minerals, without finding by the 
narratives they made me that they took notice of any notably cold part that they paſſed 
thorough, unleſs I particularly aſked a queſtion about ſuch a thing. But for aught I 
could gather from their ſpontaneous relations, they felt in ſummer-time a remiſſion of 
the heat of the external air as ſoon as ever they began to deſcend 3 which warmth did not 
ſo far decreaſe as to terminate in any notable coldneſs before they came into a deeper part 
of the earth, where they are never troubled with that quality: and ſome of theſe relations 
I had from profeſſed miners, and was curious that the relations I procured ſhould be of 
ſubterraneal parts ſeated in very differing parts of England, as well as of places not all, 
or moſt of them having veins of one and the ſame mineral. And TI learned by particu- 
lar inquiry from a practical mathematician that was often employed about lead mines, that 
at ſuch depths, as (according to Morinus) the ſecond region of the earth reaches to, he 
himſelf obſerved it to be ſenſibly warm at all ſeaſons of the year (for about that circum- 
ſtance I was peculiarly ſolicitous to be ſatisfied). | 

Nox is it unconſonant to reaſon that the middle region of the earth, in the ſenſe meant 
in the propoſition, ſhould not be of the ſame temperature in all places; not only becauſe 
of the differences which the climate may produce by reaſon of its being very much hotter 
or very much colder in one place than in another; but from the peculiar conſtitution of 
the ſoil, to the conſideration whereof I ſhall here confine myſelf, 

Now this temperament of the ſoil itſelf may be diverſified not only by its greater or 
leſſer compactneſs (upon which account ſome ſoils are rocky or ſtony and others light 
and ſpongy) but from the nature of the ſprings or ſubterraneous liquors that may abound 


in it or ſtrain through it into the groove or pit we ſuppoſe the obſerver to be in; and 


that eſpecially by the minerals, particularly ſalts and marchaſites, that grow near the ſides 
of the well, or are brought thither by the waters. 

To illuſtrate this, g.ve me leave to conſider that nature does not regulate herſelf under 
ground by our imaginary diviſions ; but, without taking notice of them, produces mar- 
chaſites, ſalts, and other minerals, moſt frequently perhaps in what we call the lower 
region of the earth ; but yet ſometimes too in our upper region, and oftentimes in our 
middlemoſt region. Let us then ſuppoſe, that in ſome places of this laſt named region 


there be a mine of that earth that naturally abounds with embryonated nitre or with ſome _ 


other ſalt that is apt, eſpecially being diſſolved or moiſtened with water (a thing very 
tamiliarly to be met with in mines) to ſend out a refrigerating efluvium, or by. its 
contact to cool the air. Let us alſo ſuppoſe, that by the ſides of another well of the 
lame depth there are ſtore of unripe minerals that are in the proceſs of generation, or 
rather a great quantity of marchaſitical earth, if I may ſo call ir, that is ſuch a ſubſtance 
as I have met with in more than one place copiouſly impregnated, and, as it were, 
blended with minerals of a marchaſitical nature, and yet ot fo open and loo!e a texture 
as not only water would in a few hours, but air alſo would not in very many, evidently 
work upon it. And, ſince, during the time that marchaſites are lowly diſſolving, it has 
been obſerved, according to what we have elſe where delivered *, that many of them will 
concelve a very conſiderable degree of heat, will it not be very probable that the tempe- 


rature of the earth in the place that abounds with theſe marchaſitical minerals will be very. 


warm 1n compariſon of the temperature of the other place, where the ſoil does plentifully 


produce nitrous and other reſrigerating bodies, though both the places be ſuppoled to be 


„ * The tract here pointed at is a Diſcourſe of ſubterrancal fires and heats, 
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at the ſame diſtance from the ſurface of the earth, and conſequently in the ſame ſubterra- 


Neous region. 2 

Ueox the like grounds it may alſo be fuſpeRted, that in the ſame places the tempera. 
ture may not be always the ſame, even upon the account of the ſoil; for I elſewhere 
ſhew, that ſome ſaline earths, eſpecially nitrous, and ſome minerals that partake of the 
nature of marchaſites, admit a kind of maturation, and perhaps other changes that ſeem 
to be ſpontaneous z and that ſuch changes happen the more notably in thoſe parts of ſuch 
bodies that are expoſed to the air, as thoſe are that chance to be placed at the ſides of the 
deep wells we are talking of ; which things being pre-ſuppoſed, it will not be abſurd to 
conceive that the mineral, to which either heat or cold is to be referred, may be more 
copious, ripe, and operative at one time than at another; or, that at length all the earth 
capable of being, as it were, aſſimilated by the mineral rudiments harboured in it, ma 


be conſumed, or the mineral itſelf may arrive at a perfection of maturity which will make 


its texture ſo cloſe as to be unfit to be penetrated and wrought upon, as before, by the 
water or other liquor that occaſioned its incaleſcence. 


I. 


I owrT to fpeak of the tranſient changes that may be occaſioned in the temperature 
of the ſecond region of the earth by ſeveral accidents, and eſpecially by the ſubterraneal 
exhalations that in ſome places and times copiouſly aſcend out of the lower regions of the 
earth ; nor ſhall I inſiſt upon any of the other cauſes of a more durable difference of tem- 
per in ſome parts of the ſecond region, ſuch as may be the vicinity of ſubterrancal fires 
in the third region that heat the incumbent ſoil ; becauſe I would haſten to the third and 
laſt part of this diſcourſe, which yet I muſt not do without premiſing this advertiſement, 
that I think myſelf obliged to ſpeak the more heſitantly and diffidently about the tempe- 
rature of ſubterraneal air, becauſe mineraliſts have not had the curioſity to examine it by 
weather-glaſſes, which would give us much more truſty informations than our ſenſe of 
feeling powerfully pre- affected by the cold or heat of the external air. I did indeed ſend 
fit inſtruments to ſome days journey from this place, to. examine the air at the bottom 
of ſome of our deep mines, but through ſome unlucky caſualties upon the place the 
attempt miſcarried. But when I ſhall (God aſſiſting) recover an opportunity that I have 
ſince wanted, I hope an accurate ſealed weather-glaſs, joined with a portable baroſcope, 
will give me better information than mineraliſts have yet done: I ſay a ſealed weather- 
gla's, becauſe though common thermoſcopes had been employed by miners, I durſt not 
rely upon them; bring perſuaded by trials purpoſely made, as well as by the reaſon of 
the thing, of the fallaciouſneſs of ſuch thermoſcopes; for in them the included air is 
liable to be wrought upon, not only by the heat and coldneſs, but by the weight or 
preſſure of the external air: ſo that if a thermoſcope be let down from a very conſiderable 
height, at the top of which the ſtation of the pendulous liquor be well marked, that 
liquor will be found to have riſen when the inſtrument reſts at the bottom, as if the 
included air were manifeſtly refrigerated, though the temper of the external air may be 
in both places alike, the cauſe of the pendulous liquor's riſing being indeed, that the 
zEreal pillar incumbent on the ſtagnant liquor is higher and heavier at the bottom where 
the inſtrument reſts than that which leaned upon it, at its firſt or upper ſtation nearer the 
top of the atmoſphere. From whence it will be eaſy to conclude, that at the bottom of 
a deep groove where the atmoſpherical pillar that preſſes the ſtagnant water will 2 

onger 
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longer and heavier than at the top, the air may appear by the inftrument to be colder 
in places where it is really much hotter, the increaſed weight of the incumbent air being 


more forcible to impel up the pendulous liquor, than the endeavour of expanſion procured 
in the included air by the warmth of the place is to depreſs it. 


' 


c H AP. VII. 


Tua which challenges the third and laſt part of my diſcourſe is the lowermoſt region 


of the earth, about whoſe temperature I ſhall comprize what I have to ſay in the follow- 


ing propoſition :. 


PROPOSITION IV. 


Tux third region of the earth has been obſerved to be conſtantly and ſenſibly warm, 
* but not uniformly ſo, being in ſome places conſiderably hot.“ 

I MENTION, that the recited temperature has been obſerved in the lower region, 
becauſe I would intimate that I would have the propoſition underſtood with this limi- 
tation as far as has been yet (that I know of) obſerved : for almoſt all the deep grooves 
that mineraliſts have given us accounts of, and wherein men have wrought long enough 
ro take ſufficient notice of the temperature of the air, have been made in ſoils furniſhed 
with metalline 'ores or other minerals, without which men would not be invited to be at 


ſo great a charge as that of ſinking ſo very deep pits and maintaining workmen in them; 


ſo that experience has yet but ſlerderly, or at leaſt not ſufficiently informed us of the 
temperature of thoſe parts of the third region of the earth that are not furniſhed with 
ponderous minerals, and conſequently has not informed us of the temperature of the 
lowermoſt region in general, as will better appear by what I ſhall ere long repreſent. 

Havix c premiſed this advertiſement about our propoſition, we may proceed to the 
diſtinct proof of the two parts or members it conſiſts of. 

Axp to begin with the firſt, whatever the peripateticks teach of the innate coldneſs 
of the earth, eſpecially where it is remoteſt from the mixture of the other elements, 
yet having purpoſely enquired of ſeveral perſons thi viſited and alſo frequented the third 
r-gion in differing countries, ſoils, and at differing depths under ground, and ſeaſons of 
the year, I did not perceive that any of them had ever found ic ſenſibly and trouble- 
ſomely cold in the third region of the earth; and on this occaſion I remember I had ſome 
light ſuſpicion, that at leaſt in ſome caſes the narrownels of the cavities whetein the diggers. 
vere in divers places reduced to work, might make the warmth they felt proceed in 
great part from the ſteams of their own bo ies, . and perhaps of the minerals, and from 
the difficulty of cooling or ventilating the blood in an air clogged with ſteams: and 2 

was the rather induced to think this poſſible, becauſe 1 had (even in metalline mines that 
were but ſhallow and very freely acceſſible to the air) obſerved a ſtrong ſmell of the me- 
tal abounding there. 

I Have likewiſe found by ſeveral trials, that the exhalations that proceed from the bodies 
of animals do fo vitiate the air they abound in, as to make it much leſs fic for their re pi- 
ration, and to be apt to make them ſick and faint; wherefore I thought it not aſtoge- 
ther unfit to inquire whether the heat of the ſubterraneal air in uch places as have been 
newly mentioned might not be referred to theſe cauſes, but I was ani{were:! in ine eng- 
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tive eſpecially by an inquiſitive perſon that had been in the deepeſt and hotteſt mines 
that have been vilited by any acquaintances of mine, 

T r1s way of accounting for the ſubterraneal warmth being laid aſide, it ſeemed, I 
confeſs, ſomewhat difficult to conceive how it ſhould be produced; yet two principal 
cauſes there are, to which I think we may probably refer the temperature of thoſe places 
where the air is but moderately warm, to which a third is to be added, when we come 


to give an account why ſome places are troubleſomely hot. 


Axp firſt, why the coldneſs of winter ſhould not be felt in the lowermoſt region of 
the earth may be, that the air there is too remote from the- ſuperterreſtrial air to be 
much affected with thoſe adventitious cauſes of cold that make that quality intenſe in 
the air above ground ; but becauſe this reaſon ſhews rather why it ſhould not be in the 
earth's lower region much colder in winter than in ſummer, but not why it ſhould be in 
all ſeaſons warm there, I ſhall add as a conjecture, that the poſitive cauſe of the actual 
warmth may proceed from thoſe deeper parts of the ſubterraneal region which lie beneath 
thoſe places which men have yet had occaſion and ability to dig. For it ſeems probable 
to me, that in theſe yet unpenetrated bowels of the earth there are great ſtore-houſes of 
Either actual fires or places conſiderably hot, or (in ſome regions) of both, from which 
reconditories (if I may fo call them; or magazines of hypogeal heat, that quality is com- 
municated, eſpecially by ſubterraneal channels, clefts, fibres, or other conveyances, to 
the leſs deep parts of the earth, either by a propagation of heat through the ſubſtance 
of the interpoſed part of the ſoil (as when the upper part of an oven is remiſsly heated 
by the ſame agents that produce an intenſe heat in the cavity) or by a more eaſy diffuſion 
of the fire or heat through the above-mentioned conveyances (as may be exemplified by 
the pipes that convey heat in ſome chemical ſtructures) or elſe (which is perhaps the moſt 
uſual way) by ſending upwards hot exhalations and mineral ſteams, which by reaſon of the 


com A at vely heavy mi eca'sthey conſiſt of, and by reaſon of their being leſs diſperſed nearer 


the places whence they proceed, are uſually more plentiful in the deeper parts of the earth, 
and ſomewhat affect them with the quality that they brought from the work-houlcs 
where they were formed, and that they retain for ſome time after. 


. © 

THraT manifeſt ſteams oftentimes are found in grooves, eſpecially in deep ones, is 
evident by the damps that infeſt moſt of them, and that in diſtant regions, as in ſe- 
veral provinces of Germany, Bobemia, Hungary, &c. as allo in ſeveral parts of England, 
in grooves, ſome'ot which I have received relations of from the mine-men themſelves ; by 
which it appears that ſeveral of theſe exhalations aſcending from the entrails of the earth 
are ſulphureous and bituminous in ſmell, and in ſome grooves (one whereof 1 ele where 
mention myſelf to have viſited) theſe ſteams are apt actually to take fire. 

THe warmth of many ſubterraneal exhalations, I think, may be made further provable 
by ſome other obſervatiuns. For though theſe newly mentioned are not to be rejected. 
and may be employed for want of better, yet I have ſeveral times queſtioned whether ! 
ought to acquieſce in them alone; for I Co not think the eaſy inflammableneſs of bodies 
to be always a ſure proof of the actual ſenſible warmth of the minute parts it conſiſts of, 
or may be reduced into. For though ſalt- petre be very inflammable, yet being by a io- 
lution in fair water reduced to inviſible corpulcles, it highly refrigerates that liquor: nor 
have I obſerved its fumes (when far from the fire) to have any heat ſenſible to our m 

An 
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And the like may be ſaid of the exhalations of highly rectified ſpirit of wine; which yet 
we know is itſelf totally inflammable z nay I know not, whether (for a reaſon elſewhere 
declared) copious exhalations may not aſcend from the lower parts of the earth, and yet 
be rather cold than hot; for, in another paper, I mention a way by which I made a mix- 
ture that plentifully enough emitted-ſteams, of whoſe being rather of a cold than a hot 
nature there was this probability, that the mixture whence they aſcended, even whilſt its 
component ingredients were briſkly acting upon one another, was not only ſenſibly but 
conſiderably cold. 

One main thing, therefore, that induces me to aſſent to the opinion whereto the for- 
mer inſtances do but incline me, is, that having purpoſely inquired of an obſerving man 
that frequented deep mines (wherein he had a conſiderable ſhare) he anſwered me, that 
he plainly obſerved the fumes that came out of the mouths of the deep pits to be actually 
and ſenſibly warm, and that in a warm ſeaſon of the year. And Morinus (above cited) 
ſpeaking of the deep Hungarian mines, makes it the firlt epithet of the copious exhala- 
tion that aſcended from the bottom, that it was hot; and a few pages after he ſays, 
that at the mouth of the well the aſcending fumes were ſenſibly hot in. ſummer itſelf : 
and the ſame arguments that I have elſewhere given to ſhew that there are very hot places, 
and, as it were, æſtuary in the bowels of the earth, may ſerve to make it probable that 
the ſteams aſcending thence may be actually warm. | 

Trar alſo in many places of the earth where no grooves are dug and no viſible ex- 
halations are taken notice of, they may yet pervade the ſoil, and exerciſe ſome opera- 
tions of warmth, may be probable by this, that the experienced Agricola himſelf rec- 
kons it among the ſigns of a latent mineral vein, that the hoar-troſt does not lie upon 
that tract of the ſurface of the earth under which a vein (though perhaps very deep) 
runs. The like directions I have known given by the ſkilful in England for the diſ- 
covery of places that contain coal-mines. And I remember a near relation of mine 
ſhewed me a great ſcope of land of his, which (though in an outward appearance likely 
to be as cold as any place thereabouts) he affirmed would not ſuffer ſnow to lie upon it 
above a day or two in the midſt of winter. 

Tu probability of which relation was confirmed to me by the anſwer I received from 
a very ingenious gentleman who lives among mines, and is not a little concerned in 
ſome of them. For having inquired of him what he had obſerved about the lying or 
not lying of the ſnow on the mineral ſoils near the place of his reſidence, he replied, 
that in ſome of them he did not take notice of any peculiar indiſpoſition to let the ice 
and ſnow- continue on them, which I conceive may proceed either from the want of ſuch 
minerals in the ſubjacent parts as were then in the ſlate of incaleſcence; or elſ from this, 
that (according to what we have elſewhere obſerved about the ſnow on ina) the direct 
aſcenſion of the hot (teams was hindered by ſome layers of rocks or ſtone through which 
the ſtean s could not penetrate, or could do it but fo lowly as to loſe their actual 
warmth by the way. But this gentleman added, that in other pl ces, near that of his 
abode, and {ſuch as he knew to have mineral veins beneath them, he obſerved that the 
inow (nor the ice) would ſcarce continue at all upon the {urface of the ground, even in an 
extraordinary cold winter. 

Ir will be a conſiderable inſtance to our purpoſe, if it be indeed true which ſome learned 
men have written, that near the gold mines in. Hungary the leaves of the trees. (eſpecially 
thoſe that reſpect the ground) are oftentimes found ennobled with a golden colour from 
the metalline exhalations of the gold mines; which, one would think, muſt by reaton of 
their ponderoulne!s need a conſiderable heat to elevatc them, efpecially into the open zir, 
but though doubting of this relation, as not made by mincraliſts or accurate obſervers, l 
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inquired about it of a perſon whoſe curioſity carried him purpoſely to viſit thoſe mines, I 
was anſwered that he could not be a witneſs to the truth of the obſervation; yet he told 
me an obſervation (which I elſewhere mention) that doth not diſcountenance that tradi- 
tion. 5 0 

Ir it be objected that what has hitherto been ſaid about latent fires and heats in the 
bowels of the earth will give an account of the warmth only of thoſe places that are 
within reach of the action of ſuch magazines of heat, which probably may be wanting in 


many places of the earth; I ſhall readily confeſs, that, as I firſt made this objection to 
* myſelf, fo I do not yet diſcern it to be unreaſonable ; and that, for aught I know, if men 


had occaſion to dig as deep, and be as far converſant in many other low places of the 


earth where there are no ſigns of minerals, as they have done where the hopes of actual 


diſcovery of veins of metals and other minerals worth working have invited them, divers 


places in the third region of the earth would be met with that would be deſtitute of the 


warmth that has hitherto been generally found in places of the ſame region that either 
abound with minerals themſelves, or are near ſome of the deep and latent æſtuaries above 
mentioned, ; | 

AnDd as for thoſe parts of the third region of the earth, which men feel not only warm 
but troubleſomely hot, that incommodious degree of heat ſeems not (at leaſt in ſome 
Places) to be derivable from the two above-mentioned cauſes, which muſt (to produce 


Jo conſiderable an effect) be aſſiſted by a third cauſe more potent than themſelves; which 
' ſeems to be the incaleſcence there is produced in many mines and other places by the 


mutual action of the component parts promoted by water of immature and more looſely 
contexed minerals, eſpecially ſuch as are of a marchaſitical nature: that ſuch an incaleſ- 
cence may by ſuch a way be produced in the bowels of the earth, I have elſewhere ſhewn 


(in my diſcourſe of ſubterraneal fires and heats) by the examples of ſuch incaleſcences pro- 
ducible in mineral bodies here above ground: that marchaſites, which for the moſt part 


abound in vitriol, are bodies very fit to procure this ſubterraneal heat, may be confirmed 
not only by the ſulphureous and ſaline parts they abound with, and by this, that many 
of them may be wrought on, as we have tried, both by ſimple water and even by moiſt 
air, which argues the reſolubleneſs of their conſtitution ; but alſo by this, that having 
purpoſely inquired of a gentleman that went out of curioſity to viſit one of the deeper 


Hungarian mines, he confirmed to me what 1 had otherwiſe been informed of, by an- 


ſwering me, that in the lower parts of the mine he had gathered vitriol that appeared 


above ground to be of a golden nature; and that in a cave that is on one fide of 


the groove in the deep gold mine near Cremnitzo, the corroſive ſmell is ſo ſtrong and 
noxious that men have not dared to dig out the native gold it richly abounds with, being 
deterred by the ill fate of divers that ventured to work in it. Adding, that though he 
paſſed by it in great haſte, yet he could not avoid the being offended by the notiome 
exhalations. And on this occaſion, it will not be, I preſume, diſliked, if 1 illuſtrate 
what I was ſaying of immature minerals, by ſubjoining, that having aſked this chemiſt, 
whether the vitriol he found very deep under ground were all ſolid, or ſome of it ſoft? 
he affirmed, that as he gathered it he found fome of it ſoft; and to ſatisfy my curiolity 
to know whether it continued that yielding conſiſtence; he farther told me that it was 
foft in the deeper part of the mine, but when he had brought it into the ſuperterreſtrial 
air, it hardened there, and appeared to have divers golden ſtreaks in it. 


CHAP. 
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Oxx thing there is, which muſt not be here omitted, though it will probably be great 
news to thoſe that philoſophize only in their ſtudies, and have not received information 
from any that viſited the deeper parts of the earth. The phenomenon is this, that the 
diggers in mines, having found by unwelcome experience, that in deep grooves, the air 
(unleſs ventilated and renewed) does in a ſhort time become unfit for reſpiration, have 
been put upon this expedient, to fink, at ſome convenient diſtance from the groove 
where the miners work, another pit, by ſome called a vent pint, that uſually tends di- 
realy downwards (though ſometimes it make angles) to which our Engliſh mine-men in 
do ſeveral parts of this kingdom give differing names, whereof the moſt ſignificant ſeems 
to be that given it in the lead mines of Derbyſhire, where they call it an air-ſhaft, and 
are wont to make it 40, 50, and ſometimes do or 100 paces off; and, as one of the 
chief and ſkilful miners there informed me, as deep as the groove or well; (though I find 
that the beſt German and ſome Engliſh miners think a leſs depth will often ſuffice) from 
this air-ſhaft to the groove the men work in there paſſes a channel, or, if I may ſo call ir, 
ventiduct, to convey the air from the former to the latter; which is that, that Agricola 
ſometimes (for he employs not the term always in the ſame ſenſe) denotes by his cunicu- Lip. v. 
lus; and which, though differingly named by our miners in ſeveral parts of England, is & VI. de 
in the above mentioned lead mines called a drift, becauſe the air does uſually in the form re metall. 
of wind drive through it, and thereby enables the workmen to breathe freely and conve- 
niently enough at the very bottom of the well. On this occaſion I remember that a 
very obſerving man, who much frequented theſe mines, told me, that at the depth of 
no leſs than about 200 yards, he found, that by the help of the air-ſhaft, the air was 
not only very commodious for reſpiration, but temperate as to heat and cold. And 
when I further aſked what time of the year it then was? he told me it was about the | F | 
latter end of Auguſt, and the beginning of September. 1 

Now that which ſeems to me to deſerve a farther and accurate obſervation about the 110 
motion and temperature of the air in theſe artificial under- ground cavities, is a relation of $i 
Agricola's which (though he be the moſt claſſick author we have about mines) has nor, | 
that J know of, been taken notice of, in him. For this experienced writer, though in | 'Y 
his treatiſe *® de ortu & cauſis ſubterrancorum, he only ſays, indefinitely, that by means þ 
of the cuniculus or drift, which connects the air-ſhaft and the well, that air which comes 
in at one of thoſe two, paſſes out at the other; yet in his filth book, de re metallica, he | 
gives a more particular and odd account of the courſe of the air in theſe not over-clear 1 
terms, ger autem exterior ſe ſus ſponte fundit in cava terre, atque cum per ea penetrare 
poleſt, rurſus evolat foras. Sed diverſa ratione hoc fiert ſolet; etenim vernis © &\ivis 
diebus in altiorem puteum influit, & per cuniculum vel foſſam latentem permit. ed ex 
huniliori Muit; femiliter iiſdem diebus in altiorem cuniculum inſunditur. & interjefo gutes 
diſuit in kumiliorem cuniculum, atque ex eo emanat. Autumnali vero & hyberno tempore 
contra in cuniculum vel puleum humiliorem intrat, & ex allicri exit « verum ea ffuxicnum 
aeris riutatio in teniperails regionibus fit in initio veris, & in jine autumiul « in frigidis 
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* Iveircy ſerobes, potei curicu!i eſfoſſi complentur exteriore acre, Arque i; ſum in eos ivflucre impri- 
miss cmali tempore evidens cit in ducbus puters, ad quorum utrumque sx modico in ervallo cuniculus 
alt ;ais pertiner, Nam aer in unum continuo iafluit, rectaque per cuniculum permeat & tranſit ad alterum; 
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autem, in fine veris & in initio autumni. To which he adds, Þ that which is more re. 
markable, that the air in both the mentioned times, before its wonted courſe come to 
be durably ſettled, uſes to be for the ſpace of a fortnight liable to frequent changes, 
ſometimes flowing into the upper or higher groove or drift, and ſometimes. into the 
lower, and paſſing out at the other. If this obſervation conſtantly hold, thaugh but in 
ſome deep mines, it may hint ſome odd inquiries about canſiderable and periodical 
changes in the fubterrancal parts of the earth, or in the air, or in both; which, though. 
they have not yet been conſidered, deſerve to be ſo. I have endeavoured to learn whe- 
ther any ſuch thing has b.en obſerved in ſome deep lead mines, whence I have procured 
divers informations about other particulars. But a very obſerving perſon, that had the 
chief hand in contriving the ſubterraneal ſtructures there, aſſured me that both winter and 
ſummer, the current air went conſtantly the ſame way ; the air entering in at the mouth 
of the air-ſhaft, and coming out at the perpendicular groove, which takes its denomina- 
tion 'rom a cave (or caſe pulealis) uſually built over the orifice of it, to ſhelter the work- 
men from rain, and other inconveniencies, 

And ſince the writing of this, | found in Morinus (his relation already mentioned) a 
paſſige that may ſomewhat illuſtrate the darkly expreſſed obſervation of Agricola; for 
the lately mentioned author writes, that in the deep Hungarian mines he viſited, the 
outward air paſſed, firſt, through the boroughs, and ſo. through by-ways, if I may ſo 
call them, that tended not directly downwards, reached at length to the bottom of the 
well, or perpendicular groove, whence, together with the ſteams proceeding from the 
mine, it aſcended ſtraight upwards, But Morinus taking no notice at all of Agricola's ob- 
ſervation about the differing courſe of the ſubterraneal air at differing ſeaſons of the 
year, though, as I find by what he writes elſewhere, it was ſummer when he viſited the 
mincs, and ſo what he reports, agrees well with one part of what Agricola ſeems to 
ſay ; yet, as to the other and principal part of his obſervation, he ſays not any thing. 
And the ſenſible heat he aſcribes to the ſteams aſcending out of the perpendicular woll. 
leaves it ſome what dubious, what intereſt the rare fact:on of the air by the ſubterrancuus 
heat may have in the phænomena we have been diſcourſing of. 

Bur to return to what I was ſaying before | had occaſion to mention Morinus; which 
perhaps it x ill not be impertinent to add, that I learned by inquiry, that the air- ſhafts and 
the wells were in theſe mines much of a depth; but I hope before long to have accounts of 
what happens in other mines, in other parts of England, as to the courſe of the ſubterra- 
neal air, «ſpecially when its iſſuing out of the well or the air-ſhaft depend not on the 
changes of the winds that blow above ground; and I wiſh the curious would employ the 
like endeavours in other countries, | 

For indecd, what I have hitherto diſcourſed in this treatiſe, is accommodated but to 


confirmed, by farther informations, if they can be procured. 

ly the mean time, I think I may probably enough gather from the paſſed diſcourſe, 
that though in ſome mines, three ſubtcrraneal regions, and their diſtinguiſhing attributes, 
may be not inconvenient!y aſſigned ; yet generally ſpeaking of the whole body of the 
terr: {trial globe, as far as we know it, both the bounds and the temperature of the regions 
of the earth, as well as thoſe of the air, are various and uncertain enough, 


+ Sed aer utroque tempore, anteaquam curſum ſuum illum conſuetum conſtanter teneat plerumque. 
quatuor decem dierum ſpatio ere bas habet mytationes, modo in altiorem puteum vel cuniculum intlecus, 
modo in humilicrem, 

AND 
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Anp much leſs have we any certain knowledge of the temperature of the more in- 
ward, and, if I may ſo ſpeak, the more central parts of the earth 3 in which, whether 
there be not a continued ſolidity, or great tracts of fluid matter, and whether or no 
differing regions are to be diſtinguiſhed, and what their number, order, th.ckneſs, and 
qualifications may be, we are as yet ignorant, and fhall, I fer, long continue o; for 
it is to be noted (with which obſervation I ſhall conclude) that what has buen hitherto 
diſcourſed belongs only to the temper of thoſe ſubterrancal parts, to whi: þ men have 
been enabled to reach by digging. It is true, indeed, that eme mines, elp: cially in 
Germany and Hungary, are of a ſtupendous depth, in compariſon of the generality of 
ours, and of the more obvious cavities of the earth; yet 1 find it boaſted in a diſcourſe, 
written purpoſely of the various mines in the world, that the rich mine at Sucberg is 
400 yards deep : and they are ſcarce beheved, that relate one Hungarian mine, which 
they viſited to be 400 fathom 3; which, though double the depth of the former, reaches 
not to half a mile. But the deepeſt of all the mines that I have as yet read or heard 
of from any credible relator, is that which the experienced Agricola, in the tract he 
calls Bermannus, cap. 12. mentions to be at Cotteberg. But this itſelf, though it reach 
to above 500 fathom, that is, 3000 feet, yet this prodigious depth does not much ex- 
ceed half a mile, and falls ſhort of three quarters * z and how ſmall a part is that of 
the whole depth of the terreſtrial globe? whoſe ſemi diameter, if we admit the recent 
account of the learned Gaſſendus, is reckoned at 4177 Italian miles; in compariſon 


of which, as I was ſaying, how ſmall a thing is a depth, that falls very ſhort of a 
ſingle mile? I 


* Licet variæ de ambitu terræ opiniones ſint, nobis tamen propemodum copſtet, eſſet ipſam miliariom 
Italicorum 26255, quod in maximo ad terræ ſuperficiem circulo 1efpoadeant uni gradui nilliaria proxims 
73. Kc. Gaſſend. Inftit. Aſtronom. lib. 2, cap. 13. | | 
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| table, do thereby fancy an affinity between them, that I am not yet convinced 
of ; yet I readily allow of ſo much affinity betwixt thoſe two fluid bodies, as invites me 
(after having treated of the temperature of the aerial regions) to ſay ſomething of that 
of the ſubmarine regions; which name of ſubmarine, though I know it may ſeem im- 
proper, I therefore ſcruple not to make uſe of, becauſe even among the generality of 
learned men, uſe has authorized the name of ſubterraneous places; for as theſe are not 
by this name, and indeed cannot in reaſon be ſuppoſed to be beneath the whole body of 
the earth, but only the ſuperficial parts of it; ſo by the appellation of ſubmarine regions 
it is not to be ſuppoſed that the places ſo called are below the bottom of the ſea, but 
only below the ſurface of it. . 

Bur to come from words tg things, I preſume it will not be expected, that I, that 
never pretended to be a diver, ſhould give of the regions I am to treat of, an account 
built on my own obſervations ;*and I hope it may gratify a reaſonable curioſi:y about a ſub- 
ject, of which claſſick authors are ſo very filent, and about which philoſophers feern not 
ſo much as to have attempted any experiments (for want of opportunities and means to 
make them). I offer the beſt information I could ſupply myſelt with, by purpolcly 
converſing with perſons that have dived, ſome without, and ſome by the help of en- 
gines. To which I have added ſome reports that I judge fit to be allowed, made me 
by perſons that had converſcd with the divers upon thoſe African and Indian coatls, 
where the moſt famous and expert are thought to be fond, 

An I the rather report the anſwers and relations my enquities procured, becauſe the 
in:ormations they give us concern a {ubje conſiderable as well as vaſt, about which ne- 
vertheleſs I among many others am not in a condition to fſatisty at all my curioſity by 
trials of my own making; and becauſe alſo, what I ſhall ſay will probably {oil the cre- 
Cit of the vulgar error, that in all decp water, of which the fea is the chicfeſt, the 

3 lower- 


Tia, the Ariſtotelians, who believe water and air to be reciprocally tranſmu- 
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lowermoſt are ſtill the warmeſt parts, unleſs in caſe that in ſome very hot climates, or 


ſeaſons, the ſuperficial ones happen to be a little warmed by the extraordinary or violent 
heat of the ſun. 


QOH A370 


Trovecn the air and the earth have been diſcriminated as to temperature, into three 
regions; yet the informations I have hitherto met with, invite me to aſſign to. the 
ſea no more than two. The former of which may be ſuppoſed to reach from the ſuper- 
ficies of it, as far downwards, as the manifeſt operation of the variouſly reflected and 
refracted beams of the ſun, or other cauſes of warmth penetrate; from which to the 
bottom of the ſea, the other region may be ſuppoſed to extend. | 

AccoRDING to this diviſion, the limits of this upper region will not be always con- 
ſtant; for in the torrid Zone, and other hotter climates, it will, ceteris paribus, be 
greater than in the frigid zone or in the temperate zones; and fo it will be in ſummer 
than in winter; and in hot weather than in cold; ſuppoſing in theſe caſes the heat to 
come from the ſua and air, and not, as ſometimes it may do, from the ſubterraneal ex- 
halations. 

Tae ſame cauſes are likewiſe proper, as it is manifeſt, to alter the temperature, as 
well as the bounds of this region; but this temperature may allo be changed, in ſome 
few places, by at lcaſt two other cauſes ; the one is the differing conſt.tution of the ſoil 
that compoſes the ſhore, which may affect the neighbouring water, if it do extraordinarily 
abound with nitre, looſely contexed marchaſites, or other ſubſtances capable conſiderably 
to encreaſe or leſſen the coldneſs of the water. Another, though untrequent cauſe, 

may be the figure and ſituation of the leſs deep parts of the ſhore, which may in ſome 
ſort reverberate the heat that proceeds from the ſun; and upon ſuch an account may 
. Either add to the warmth, or allay the coldneſs, thac would elſe be tound in the neigh- 

bouring water. For whatever the ſchools are wont to teach about the intereſt of the 
attrition of air in the heat produced by the ſun beams, I have elſewhere ſhewn by ex- 
periments, that thoſe beams may conſiderably operate upon bodies placed quite under 
water. | 

BesIDes theſe two caſes, that may occaſion exceptions to the general obſervation ; I 
intimated by the words, at leaſt, that there might be others; becauſe to mention now 
but one example, though it ſeem probable from what I have eltewhere delivered con- 
cerning the ſubterraneal fires and heats, that may in ſome places be met with, even be- 

neath the bottom of the ſea, that the phænomenon I am going to recite may be re- 
duced to the cauſes newly intimated ; yet I am not abſolutely certain, but that in this 
caſe, whereto ſome others may perhaps be found reſcmbling, ſome other caule than 
thoſe hitherto mentioned may produce or concur to the effect. The relation here meant 
is afforded us by the following paſſage, taken out of the voyage of Monſieur ae Monts, 
into New France (whereof he went to be governor) where the relJator thus recites his 
obſervation : about the eighteenth day of June we found the ſea-water during three days 
ſpace very warm, and by the ſame warinth our wine alio was warm in the bottom of 
our ſhip ; yet the air was no hotter than before. And the 21ſt of the ſaid month, quite 
contrary, we were two or three days ſo much compaſſed with miſts and cold, that we 
thought ourſelves to be in the month of January, and the water of the ſea was ex- 
treme cold; which continued with us, until we came upon the bank, by reaton of the 
ſaid miſts, which outwardly did procure this cold unto us. This eſfect he attributes to 
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in thoſe few 


Of the Temperature of 
a kind of antiperiſtaſis in the following part of his narrative; which I ſhall not now either 
tranſcribe or examine. 


er. Bl 


Axy thus much being briefly noted touching the upper region of the ſea, and the requi- 


ſite cavtions (that may perhaps extend further than it) being premiſed, it remains, that 


I take notice of the temperature of the lower region, which, in one word, is cold; un- 
lefs in ſome few places to be preſently mentioned. For water being in its natural or moſt 
ordinary ſtate a liquor Whoſe parts are more ſlowly agitated than thoſe of men's organs 
of feeling, muſt be upon that account cold as to ſenſe ; and conſequently it need not be 
ſtrange, that thoſe parts of the ſea which are too remote to be ſenſibly agitated by the 
ſun-beams, or wrought upon by the warmth which the air and upper parts of the earth 
may from other Cauſes receive, ſhould be felt cold by thoſe That deſcend into it; unleſs 
places where the coldneſs may be either expelled or allayed by hot fprings, 
or ſubter:eſtial exhalations, flowing or -aſcending from the ſubjacent earth, or the lower 
arts of the ſhore, into the incumbent or adjacent. parts of the water. 

To juſtify my aſcribing of this coldneſs to the ſecond, or lower region of the ſea, I 
ſhall now ſubjoin ſome relations I procured from perſons that had occafion to go down 
into it, or otherwiſe take notice of its temperature in very differing regions of the world, 
and at very unequal depths, 


And firſt as to the temperature of the lower region in the northern ſea, I had the op- 


portunity to converſe often, and ſometimes to oblige a man bold and curious enough, 


who for ſome years got the beſt part of his ſubſiſtence by deſcending to the bottom of 
the fea in an engine (whoſe ſtructure I elſewhere deſcribe) to ſeek for and recover goods 
loft in ſhip-wrecked veſſe's. This perſon 1 diligently examined about divers ſubmarine 
phenomena, about which his anſwers may be elſewhere met with; and as to the tem- 
perature of the lower parts of the ſea) the knowledge of which is that alone that con- 
cerns us in this place) he ſeveral times complained to me of the coldneſs of the deep 
water, which kept him from being able to ſtay in it ſo long as he might have been put 
into a condition of doing by the goodneſs of his engine; for I remember that he re- 
lated to me, that he ſtaid once betwixt an hour or two, at a depth that was no greater 
than 14 feet and a half upon the coaſt of Sweden, in a place that was near the ſhore ; 


and [ afterwards learned that he ſtaid much longer in a deeper place (uſe having probably 


made the cold more ſupportable to him). He told me then, that about two years before, 
he was engaged by a good reward to go down with his-engine to the bottom of the ſea 
to fetch up ſome goods of value out of a ſhip that had been caſt away there within 
about a mile's diſtance from a very little-iſland, and, if 1 miſtake not, abcut ſix miles 
from the ſhore, He further anſwered me, that though he felt it not at all cold on the 
ſurface of the water (his attempt being made in June) yet about the depth of the ſhip, it 
was ſo very cold, that he felt it not fo cold in England's winter and frofty weather. And 


he told me, thir an exceſſive cold was there felt, not only by him, but by very ſturdy 


men, who, invited by his-example, would needs alſo go down themſelves to participate 
and promote the hoped-for diſcovery, He told me alſo, that the upper water did but 
cool and refeſh him; but the deeper he went, the colder he felt it, which is the more 
conſiderable, becauſe he had ſometimes occaſion to ſtay at 10 fathoms or even 80 feet 
under water. And I ſince found, that he informed divers virtuoſi that purpoſely conſulted 


him, that he found the coldneſs of the water encreaſe with its depth; and gave that for 


the 
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the reaſon why he could not ſtay ſo many hours as otherwiſe he might, at the bottom of 
the ſea ; adding, that before his engine was well fitted, he was once ſo covered over 
with it, that he was forced to touch the ground with his hands and feet, and the neigh- 
bouring parts, to which he found a coldneſs communicated by the fundus he leaned upon 
though the cloſeneſs of his diſordered engine made the other, and (whilſt he was 1n that 
poſture) upper parts of his body, of a very differing temper. 

An inquiſitive perſon of my acquaintance, that made a long ſtay in the Northern 
America (at about two or three and forty degrees of latitude) and diverted himſelf often 
with ſwimming under water, anſwered me, that though he ſcarce remembered himſelf to 
have dived above two fathoms beneath the ſurface of the ſea, yet even at that ſmall depth, 
he obſerved the water to encreaſe in coldneſs, the lower he deſcended into it; which ar- 
gues, that though the ſun-beams do often penetrate plentifully enough to carry light to 
a great depth under water, yet they do not always carry with them a ſenſible heat; and 
that, at leaſt, in ſome places, the upper region of the ſea reaches but a little way. 

Taz coldneſs of the climate in theſe weſtern parts of Europe, and the want of conſi- 
derable inducements to invite men to dive often to any great depth into our ſeas, has 
kept me from being able to procure many obſcrvations about the temperature of their 
lower region; but upon the hotter coaſts of Africk and the Eaſt Indies, the frequent 
invitations men have to dive for coral, pearls, and other ſubmarine productions, have 


made it poſſible for me to get more numerous obſervations ; ſome of which I ſhall now 
annex, | 


c H AP. IV. 


MzzTinG with a perſon of quality who had been preſent at the fiſhing of coral upon 
the ſhore of Africa, and who was himſelf practiſed in diving, I inquired of him, whe- 
ther he found the ſea upon the African coaſt to be much colder at a good depth, than 
nearer the ſurface; whereto he anſwered me, that though he had ſeldom dived above 
three of four fathoms deep, yet, at that depth, he found it ſo much colder than nearer 
the top of the water, that he could not well endure the coldneſs of it. 

Anp when J farther aſked him, whether, when he was let down to the bottom of 
the ſea, in a great diving bell (as he told me he had been) he felt it very cold, though 
the water could not come immediately to touch him; he replicd, that when the bell 
came firſt to the ground, he found the air in it very cold, though after he had ſtaid a- 
while there, his breath and the ſteams of his body made him very hot. 

THAT alſo at a greater depth in thoſe hotter climates, the ſea-water is ſenſibly cold, 
may be thus made probable : inquiring of a famous ſea-commander, who had been upon 
the African coaſt, to what depth he was wont to fink his bottles to preſerve his wine 
any thing cool in that exceſſive hot climate, he anſwered me, that in the day. time he 
kept it in a tolerable temper ſo as to be drinkable, by keeping it in the bottom of the 
ſhip, and in ſand; but in the morning he had it cool enough by ſinking his bottles 
over night into the ſea, and letting them hang all night at 20 or 3o fathom deep under 
water, 

IxQuIRING alſo of an intelligent gentleman that was imployed to the river of Gambra, 
and failed up 700 miles in it, in a ſmall frigate, whether he had obſerved that in the 
lea, even of thoſe hot climates, wine may be preſerved cool ; he told me, that it might, 
and, that by the means I hinted to him, which was to let down, when the ſkip came 
to an anchor in the evening, ſeveral bottles full of wine (they uſed that of Madeira) exactly 
Vor, III. X x ſtopped 
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ſtopped to ten, twelve, or fourteen fathoms deep; whence being the next morning 
drawn up, they found the wine cool and freſh (as if the veſſels had been in theſe parts 
drawn up out of a well) provided it were preſently drank, for if that circumſtance were 
omitted, the heat of the air on the upper part of the water would quickly warm the 
liquor, | 
? REMEMBER too, that having met with a man of letters, that ſailed to the Eaſt- In- 
dies in a Portugal-caraet, 1 learned by inquiry of him, that it was the practice in that 
great veſſel for the captain and other perſons of note, whilſt they paſs through the torrid 
Zone, to keep their drink, whether wine or water, cool, by letting it down in bottles to 
the depth of 80, go, and ſometimes 100 fathom or better, and letting it ſtay there a 
competent time; after which, he told me, he found it to be exceeding cool and re- 


freſhing. 


LasTLy, to fatisfy myſelf as far as I could, to how great a depth the coldneſs of 
the ſea reached; meeting an obſerving traveller, whoſe affairs or curioſity had carried 
him to divers parts, both Eaſt and Weſt Indies, I inquired of him, whether he had taken 
notice of any extraordinary deep ſoundings in the vaſter ſeas, to which being anſwered, 
that ſome years ago, failing to the Eaſt Indies, in a very great ſhip, over a place on 
the other ſide the line, that was ſuſpected to be very deep, they had the curioſity to 
let down 400 fathom of line, and found they needed no leſs. Whereupon I inquired of 
him, whether he had taken notice of the temperature of the ſounding lead as ſoon as it 
was drawn up; to which he told me, that he and ſome others did; and that the lead, 
which was of the weight of about 30, or 35 lb. had received ſo intenſe a degree of 
coldneſs, as was very remarkable; inſomuch, that he thought that if it had been a maſs 
of ice, it could not have more vehemently refrigerated his hands ; and when I aſked in 
what climate this obſervation was made, he told me it was in the antarctick hemiſphere, 
but at a great diſtance from the line. As indeed I concluded by ſome circumſtances-he 
mentioned to me, that it was about the 35th degree of ſouthern. latitude. 


E. 


Tursk are the chief relations I have hitherto been able to procure about the tempera- 
ture of the ſea; which, if they be ſo confirmed by others, as that we may conclude they 
will generally hold, it will not be irrational to conceive, that in reference to tempera- 
ture, thoſe two fluids, air and water, may have this in common, that where their ſur- 
faces are contiguous, and in the neighbouring parts, they happen to be ſometimes cold, 
ſometimes hot, as the particles they conſiſt of chance to be more or leſs agitated by the 
variouſly reflected ſun-beams, or more or leſs affected by other cauſes of heat, But 
that part of the air which they call the ſecond, and is ſuperior to the firſt, as alſo the 
lower region of the ſea, being more remote from the operation of thoſe cauſes, do retain 
their natural, or more undiſturbed temperature, which, as to us men, is a conſiderable 
degree of coldneſs, the agitation of their ſmall parts being uſually in thoſe regions much 
inferior to that of the ſpirits, blood, and other parts of our organs of feeling; fo that 
the regions of the water and air ſeem to anſwer one another, bur in an inverted order of 
ſituation; and the analogy might perhaps be carried further, if I had time and oppor-- 
tunity to do it in this place. And here I ſhall not diſſemble, that I was ſomewhat 
perplexed by meeting with a traveller that had viſited the Eaſt-Indian coaſt, near-the fa- 
mous Cape of Comory ; for aſking him ſome queſtions touching the neighbouring ſea, I 
gathered from his diſcourſe, that he concluded from that. of ſome divers, that the ſea 
near. 


the Submarine Regions. 


near Ceylon was warmer at the bottom than at the top; and when I thereupon aſked 
him whether this happened not in their winter, he replicd, that it was indeed winter, 
though not with us, yet with them. It occurred indeed to my thoughts on this occa- 
ſion, that perhaps in a part of the torrid zone ſo near the line as about 8 degrees, if 
the ſea were not of a conſiderable depth, the heat of the two not far diſtant ſhores of 
Coromandel and Ceylon might have no ſmall influence upon the temperature of the water. 
I conſidered alſo, which did not a little weigh with me, that in divers parts of the Eaſt- 
Indies, and even in a region bordering upon Coromandel, where an ingenious acquaintance 
of mine lived ſome years, it has been obſerved, that winter and ſummer are not ſo much 
diſcriminated by cold weather and hot, as by very rainy weather and very dry : nay, 
in ſome places the ſultry heat of the climate is more complained of in what they call 
their winter than their ſummer; ſo that there will be no neceſſity to recur to an antipe- 
riſtaſis occalioned by the coldneſs of the winter, I thought too, that it may perhaps be 
without abſurdity ſuſpected, that as the bottom of the ſea in this place had a peculiar 
conſtitution, that fitted it more than others for the copious production of pearls; ſo 
there might be ſome peculiarity in the nature of the ſubjacent ſoil, or there may. be ſome 
ſubterraneal fire or heat beneath it, which may occaſion an unuſual warmth in that part 
of the ſea, by which cheriſhing warmth, perhaps, ſuch abundance of ſhell-fiſhes teem- 
ing with pearls may be invited to ſettle there, rather than in any of the neighbouring 
places. But with all theſe conjectures I ſhould not have been ſo well fatished, as with 
the anſwer I afterwards obtained by a gentleman, whole curiolity had carried him to be 
an aſſiduous ſpectator of the famous pearl-fiſhing, near the iſland of Manar, between 
that and the coaſt of Coromandel, which reaches near, if not fully ro the Cape of Comory. 
For this perſon having had much converſation with the divers for pearls, not only 
learned from them, that they found the water very ſenſibly cold at the botrom, which 
in ſome places he eſtimated to be 80 or 100 fathom deep; but obſerved divers of them 
at their return to the boats, to be ready to ſhake with cold, and haſten to the fires that 
were kept ready for them in little cabbins upon the ſhore ; which relation being ac- 
companied with divers circumſtances of credibility, and arguing, the perſon that made 
it to have been acquainted with the report above-mentioned, and had met with ſome 
that had dived in the place whereto it had relation, made me conclude, that as to that 
report, ſomething extraordinary had happened in that place; or that there was ſome 
miſtake of him to whom it was made; or that divers did not deſcend to a ſufficiently 
conſiderable depth. 

Ir I had been furniſhed with opportunity, I would have engaged ſome ingenious 
navigators to examine the temperature of the ſubmarine regions, both of differing ſeaſons 
of the year, eſpecially the hotteſt part of ſummer, and coldneſs of winter, and with 
hermetically ſealed weather-glaſſes, in order to the diſcovery of ſuch particulars as theſe, 
whether there be in ſome ſeas any ſuch varying differences of temperature, as may invite 
us at leaſt in ſome places, to make more than two ſubmarine regions : whether the ſub- 
marine coldneſs do at the bottom of the ſea, or elſewhere, either equal or ſurpaſs that 
degree, which we here find ſufficient to freeze common water: whether the parts of the 
ſea-water are ſtill the colder, as they are the deeper; and whether or no this increaſe of 
coldneis be regular enough to be reducible to any ſettled proportion. But for the r2- 
ſolving of theſe and the like queſtions, I did not cauſeleſly intimate, that a ſcaled wea- 
ther-glaſs was to be employed; for I take a common one to be altogether unfic for 
ſuch purpoſes, not only becauſe the ſea-water would mingle with ſuch liquors as are 

wont to be employed in it, for that inconveniency 1 could eaſily remedy, by ſubſtituting, 
. | X-x-2 | as 
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as I have ſeveral times done in other caſes, mercury inſtead of ordinary liquors ; but 
chiefly becauſe the incumbent ſea-water would gravitate upon the reſtagnant liquor of the 
weather-glaſs, and thereby render its informations falſe or uncertain ; according to what 
1 have had occaſion to obſerve in another tract. 

WHERETO, that there may not in this place be any need to recur, I ſhall add a 
flight experiment that I made for the fatisfaftion of ſome ingenious men not well ac- 
quainted with hydroſtaticks, or not rightly principled in them : and this trial T ſhall the 

rather mention, becauſe many will not allow water to preſs upon mercury immerſed 
therein, this being a far more ponderous liquor than that; and others will expect that 
the included air, having no place to eſcape out at, ſhould reſiſt the aſcenſion of the ſub. 
Jacent mercury, more than indeed it will, We made then a ſmall weather-glaſs differ- 
ing from common ones, beſides the bigneſs, in that it was furniſhed with mercury in- 
| ſtead of water; and in that we employed to contain the ſtagnant mercury a glaſs phial 
with a narrow neck, wherein, by a piece of cork or two, the ſtem of the glais ball was 
well faſtened, that this globular part of the inſtrument might not be lifted up when it 
was under water. Then having by applying cold water to the outſide of the ball en- 
: deavoured to reduce the air to the ſame temper with the water, or at leaſt to an a 
proaching degree of coldneſs; and having taken notice of the ſtation of the mercury in 
the ſhank or ſtem above-mentioned, we did, by ſtrings tied about the neck of the ſmall 
phial, let the inſtrument gently down into a large tall glaſs body, filled with fair water, 
that the liquor and veſſel being both tranſparent, we might eaſily perceive the motions of 
the mercury in the ſlender pipe; by which means it appeared, that as the thermometer 
deſcended deeper and deeper into the water, the mercury was preſſed up higher and higher 
in the ſtem; and that it may not be ſuſpected that this aſcenſion proceeded only or 
chiefly from the refrigeration of the air by the water, I ſhall add to what I have juſt now 
noted, that though the coldneſs of the water may well be ſuppoſed uniform, as at leaſt 
to ſenſe, yet the whole inſtrument being leiſurely removed ſometimes to the upper ſur- 
face of the water, ſometimes to the lower, the riſing and falling of the quickſilver in 
the ſlender pipe was ſuitable to the depth of its ſurface, or its diflance beneath that of 
the water. (The like experiment we might have tried with a thermoſcope furniſhed: 
with water, and let into oil, or with deliquated falt of tartar and pure ſpirit of wine, in- 
ſtead of mercury and water; if we had been furniſhed with ſufficient quantities of thoſe 
liquors, and had judged it to be requiſite.) But this circumſtance I thought fit to ad- 
moniſh the ſpectators of, that it is not to be expected that the mercury ſhould riſe as 
much in proportion when it is (for example) a foot under water, as when it is but two 
or three inches; becauſe, according as the inſtrument is let down deeper, and the air 
crouded into a leſs room, the ſpring of that comprefſed air becomes the ſtronger, and 
makes the more reſiſtance ; which advertiſement agreed well with the experiment, whoſe 
other phænomena I paſs over as not pertinent to this place, where I would only juſtify 
what I ſaid of the unfitneſs of weather-glaſſes made (though with other liquors) after the 
common ways for making the ſubmarine trials I propoſed. 

Bor till ſuch artificial obſervations can be obtained, we may from what has been above 
delivered probably gather, that though the lowermoſt of the ſubmarine regions be very 
ſenſibly cold, yet water, at leaſt that of the ſea, does not by theſe phænomena appear to 
be the ſummum frigidam. Though I have been ſeveral times able to produce ice in ſalt- 
water, yet I find not by any obſervation, that there has been ice met with, and generated 
at the bottom of the fea, under which the earth has been found unfrozen by our divers; 
and appears to be ſoft at depths-exceedingly ſurpaſſing the greateſt they have reached; 

as 
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as is evident by the mud, gravel, &c. fetched from the bottom of the ſea by ſounding 

lummets, let down to 80 or 100 fathom, or evep a greater depth, whereof examples 
may be met with in the journals of navigators : nay, my curioſity procured me this 
account, from the ſober commander of a ſhip that came this year from the remoter parts 
of the great ocean, that at about 35 degrees of ſouthern latitude the tallow with which 
his ſounding lead was anointed, brought him up grey ſand from the immenſe depth of 
no leſs than two hundred and twenty fathom. But to this obſervation it is juſt to annex 
this caution, that we cannot fafely conclude from men's finding no ice at the bottom of 
the ſea, that the cold there cannot be very intenſe; for, as I have found by more than 
one relation (“ elſewhere recited) that, whatever the ſchools ſurmiſe, the ſea is at leaſt 
as ſalt at the bottom, as at the top; ſo I have more than once tried, that ſalt water 


will, without freezing, admit a. much greater degree of cold, than is neceſſary to turn. 
freſh water into ice. 
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' DO' not pretend to have viſited the bottom of the ſea; but ſince none of the natu⸗ 
raliſts whoſe writings I have yet met with, have been there any more than I; and 

it is great rarity in thoſe cold parts of Europe to meet with any men at all, that have 
had at once the boldneſs, the occaſion, the opportunity, and the ſkill to penetrate into 
thoſe concealed and dangerous receſſes of nature, much leſs to make any ſtay there; I 
preſume it will not be unpleaſant, if about a. ſubject, of which, though none of thoſe 
very few naturaliſts, that write any thing at all, write otherwiſe than by hear-fay, I re- 
Cite in this place what I have learned by enquiry from thoſe perſons, that among the 
many navigators and travellers I have had opportunity to converſe with, were the like 
lieſt to give me good information about theſe matters. 

Ir would be needleſs here to take notice that the ſea is uſually cold and ſalt at the 
bottom; nor to repeat thoſe other things that [I have already delivered in other diſcourſes ; . 
L ſhall. therefore begin what I have to ſay in this, by relating that one of the chief: 


* Notes about the ſaltneſs of the ſea. 
thingy 


_— 5 w- 
— 
—— — —-— 
F a — A 
F ws" — — wg 


— 


z 
— — 
— 
* 1 - 
* Sis a 


1 — — "pac = * 
Fc, ww. a 
— — T 
* _— . 
s.. ©» - 


home this year from Eaſt India, his reputation made me endeavour to have a little con- 
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things that I was ſolicitous to enquire after about the bottom of the ſea, was, the inequa- 


lity I ſuppoſed to be in the ſoil ; for though the ſurface of the ſea, when it is not agi- 


tated by the winds, appears very plain and level, and though it be indeed, at leaft in 


this, or that particular ſea, ſphærical and (phy ſically ſpeaking) concentrical to the earth; 
yet I could not think it probable, for reaſons not neceſſary to be here diſcourſed of, that 


the bottom, the ſuperficies of the ground, or of the veſſel that contained it, ſhould be 
Either flat or level, or regularly concave. 


To ſatisfy myſelf about this matter, I enquired of a perſon that had viſited the famous 
pearl-fiſhing at the little iſland of Manar (near the rich iſle of Ceylon) in the Eaſt- Indies, 


and had by his ſtay there much opportunity to ſee divers at their work, and converſe 


with them. By the anſwers of this man, who was a ſcholar, I learned that the divers 
had aſſured him, that they found the floor of the ſea, if I may ſo call it, in divers places, 
exceedingly unequal, in ſome places being flat, in others aſperated with crabby rocks a 
conſiderable height, and elſewhere ſinking into precipitous depths, in which they found 
it very cold, 


BesS1DEs the recited teſtimonies of the divers, I enquired of ſeveral pilots and other 


navigators that had made long voyages, what gradual or abrupt inequality they had ob- 


ſerved at their ſoundings in very neighbouring places; it being eaſy to be gathered from 
thence, whether the ſea were there uniformly deep, or did at leaft, with ſome regula- 


Tity, alter its depth by degrees; or whether, as I ſuſpected, there were not at the bot- 
tom of the ſea hilly places, and ſteep precipices, and, perhaps, deep vallies or wells, as 


oe 
4 


we obſerve in the diſcovered part of the terreftrial globe. 


By theſe inquiries I obtained ſeveral obſervations, whereof the moſt material are thoſe 
that follow : | 


FigssT, an ancient ſea-commander, that had many years frequented Africa and the 
Indies, told me, as others had done before, that when they failed in the ocean very far 


from fight of land, they did not often put themſelves to the trouble of ſounding ; but 
that as far as they had ſounded, he had uſually found the depth of the ſea to increaſe 


or decreaſe gradually, without very great irregularities, excepting ſome places, inſtancing 
particularly in the excavation that makes the bottom of the ſea, within fight of the Cape 
of Good Hope, where though for the moſt part, he found the water to deepen more and 
more, as he ſailed farther from ſhore; yet in one place, he and others had met with a 
bank (as he conceived it to be) at a conſiderable diſtance from the turface of the water; 
ſo that though when they were as they imagined near the cdge of that bank, they 
found but a moderate number of fathoms, yet when failing a very little way farther 
they had gone beyond it, they found the ſea of an immenſe depth. In ſhort I gathered 


from his anſwers, that in the greater {eas he had found, for the molt part, the ground 


at the bottom to fall away by degrees; but nearer the ſhores, that is, within a mode- 
rate number of leagues, he obſerved in divers places, that the ſubmarine ground was 
very unequal, and had as it were, hills and precipices. 

A MAN of letters that kad failed both to the Eaſt and Weſi Indies, and in divers other 
regions beſides, and had made ſome of his voyages in thips of ſuch great burthen, as 


. obliged the mariners to be very frequent and careful in ſounding, in:ormed me, that 


ſometimes at conſiderable diſtances from ſhore, he had obſerved the ſea to be 20, 30, or 


perhaps 40 fathom deeper when they caſt the ſounding lead from one ſide of the ſhip, 


than it had been juſt before, when they had ſounded from the other; and from Other | 
things that he told me, I found mylelf much confirmed in the above propoſed opinion. 
HEARING of a ſea captain of extraordinary ſkill in maritime affairs, that was come 


ference 


* 
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Ference with him about the ſubject of this diſcourſe z but his occaſions haſtening him to 
another place before I could ſend to him, I procured from the chief perſons that employed 
him a ſight of ſome notes touching his laſt voyage, which he had left with them, hoping 
to find there ſomething at leaſt about the ſoundings of ſo accurate a ſeaman ; and accor- 
dingly I met with a paſſage very pertinent to my purpoſe, and worthy to be here tran- 
ſcribed. | LEY 
 FeBRUARY 12. After our obſervation, (he means a former one very agreeable to 
this) ſeeing the ground under us, we heaved the lead, and had but 19 fathom rocky 
ground, then haled by N, N. E. the wind at N. W. and found our water to ſhoal from 
19 to 10 and 8 fathom hard coral ground, then ſuddenly deepened again from 8 to 20 
and 22 fathom ſandy ground, and then ſuddenly ſaw rocks under us, where we had but 
7 fathom, and the next caſt 14 fathom again: and ſo having run N. N. E. from 6 in 
the morning until 12 at noon about 19 mile, we deepened our water, from 16 to 25, 
and the next caſt, no ground with 35 fathom of line. 

LasTLY, having opportunely met with an ancient navigator who paſſes for the moſt 
experienced pilot in our nation for an Eaſt-Indian voyage; I aſked him about his own 


obſervations concerning theſe unequal ſoundings, I was anſwered, that he had not only 


met with them elſewhere, but, that not far from the mouth of our channel, he had 
ſometimes found the bottom of the ſea ſo abrupt, that in ſailing twice the length of the 
ſhip, he had found the water deepen from 30 fathom to a hundred, if not alſo much 
more. 

Since I received theſe relations, having the honour to diſcourſe with a noble perſon 
who has divers times deſervedly had the command of Engliſh fleets, and is no leſs curious 
than intelligent in maritime affairs, I took the opportunity to inquire of his lordſhip 
whether he had not obſerved the bottom of the ſea to be very unequal in neighbouring 


places ? To which he replied, that he had found it exceedingly ſo. And to fatisfy me that 


he ſpoke not upon mere conjecture, he told me, that ſailing once with his fleet, even in 
our channel, he perceived the water to make a ripling noiſe (as the ſeamen call it) as 
the Thames does under London Bridge, ſo that he was afraid they were falling upon ſome- 
ſhoal, the water being 12 or 14 fathom deep, and going on a little farther, he caſt out 
the plummer again, and found it about 30 fathom. He added, that he made divers- 
ſuch obſervations, but took notice of ſuch ripling waters only when the tide was ebbing; 
and yet in a deep ſea meeting with the like appearance in the upper part of the water, 
and thinking it improbable that there ſhould be any ſhoal there, he ordered the depth 
to be ſounded, and found it to exceed 30 fathoms; and after he had paſſed on a very 


__ farther, he found the ſea ſo deep, that he could not fathom it with his ordinary 
ine. 


SECTION II. 


AxoTHeR thing obſerved at the bottom of the ſea is the great preſſure of the water 
there againtt any other bodies. For whatever men may philoſophize in their ſtudies, 
and may conclude from the principles that are generally received about the non- gravita- 


_ of water in its proper place, yet experience ſeems very little to favour that general 
Octrine. 


For fuſt, I remember, that having cauſed a pretty large cylinder of glaſs that was 
Open only at one end, to be ſo depreſſed into a large glals- veſſel full of water, with a» 
conveniently applied weight of Icad, that none of the air could get out, I could eafily: 

diſcern: 
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diſcern through the liquor and veſſels, which were all tranſparent, that as the inverted 
cylinder deſcended deeper and deeper, the external water compreſſed the impriſoned air, 


and aſcended higher and higher in the cavity of the cylinder, againſt whoſe ſide we had 
beforehand: placed a row of marks whereby to take notice of the gradual aſcent and 


deſcent of the internal water. 


SeconDLY, having inquired of two ſeveral obſerving perſons, whereof one had with 
a diving engine viſited the bottom of the fea in a cold northern region; and the other 
had done the like in an engine much of the ſame ſort upon the coaſt of. Africk ; I found 
their relations to agree in this, that the deeper they deſcended into the ſea, the more the 
air they carried down with them was compreſled, and the higher the water aſcended above 
the lip or brim of the engine into the cavity of it. 

Bur I ſhall now add a more conſiderable experiment or two to the ſame purpoſe, 
For diſcourſing one day with an engineer of my acquaintance that had been often at ſea, 
and loved to try concluſions, of a way I had thought of, to make ſome eftimate of the 
preſſure of the water at a conſiderable depth beneath the ſurface, and ſhew that the 
preſſure is great there; he told me, he could fave me the labour of ſome trials by thoſe 
he had made already, and affured me, that having divers times opportunity to ſail near 
the ſtreights mouth over a place where the ſea was obſerved to be of a notable depth, 
he had found, that if he had let down, with a weight into the ſea, not a ſtrong round 
glaſs bottle, but a phial, ſuch as the ſeamen uſe to carry their brandy and ſtrong waters 
in; ſuch a veſſel, which might contain a pint or quart of water, would, when it come to 
be ſunk 40 fathom under water, if not ſooner, be ſo oppreſſed by the preſſure of the 
incumbent and lateral water, as to be thereby broken to pieces. 

He alſo averred to me, that having exactly cloſed an zolipile of metal, and with a 
competent weight ſunk it to a great depth in the ſea, as to forty, fifty, or fixty fathom 
deep, when he pulled it up again he found to his wonder that the great preſſure of the 
water had in divers cruſhed it inwards. And though I had ſome ſuſpicion that 
the coldneſs of the ſea at ſuch a depth might, by weakening the ſpring of the included 
air, ſomething contribute to the effect, yet I did not admire the event, having divers 


years before had a thin æolipile of copper cruſhed inwards by the preſſure of a much lighter 
fluid than ſea-water. 8 


SECTION III. 


ANOTHER thing obſerved in the bottom of the ſea is the tranquillity of the water 
there, if it be conſiderably diſtant from the ſurface. For though the winds have power 
to produce vaſt waves in that upper part of the ſea that is expoſed to their violence; yet 
the vehement agitation diminiſhes by degrees as the parts of the ſea, by being deeper 
and deeper, lie more and more remote from the ſuperficies of the water. So that the calin 


being leſs and leſs diſturbed towards the bottom of the water, if that lie conſiderably 


deep, the water is there either calm or ſcarce ſenſibly diſturbed. 

Bur that is for the moſt part to be underſtood of places at ſome diſtance from the 
ſhore ; for oftentimes, in thoſe that are too near it, the progreſs of the waters being 
rudely checked, and other circumſtances concurring, the commotion of the water is fo 
great, that it reaches to the very bottom, as may appear by the heaps of ſand, the amber, 
2 in ſome places the ſtones that are wont to be thrown up by the ſea in and after 

Orms. 


7 THz 


Relations about the Bottom of the Sea. 

Tax above-mentioned calmneſs of the ſea at the bottom will (I doubt not) appear 
ſtrange to many, who admiring the force of ſtormy winds and the vaſtneſs of the waves 
they raiſe, do not, at the ſame time, conſider the almoſt incomparably greater quantity 
and weight of water that muſt be moved to make any great £ommotion at the bottom 
of the ſea, upon which ſo great a mals of ſalt-water, which is heavier than freſh, is 
conſtantly incumbent. Wherefore, for the proof of the propoſed paradox, I will here 
ſet down a memorable relation, which my inquiries got me from the diver, elſewhere 
mentioned, who by the help of an engine could ſtay ſome hours under water. 

Inis perſon then being aſked, whether he obſerved any operation of the winds at the 
bottom of the ſea, where it was of any conſiderable depth? anſwered me to this purpoſe, 
that the wind being ſtiff, ſo that the waves were manifeſtly ſix or ſeven feet high above 
the ſurface of the water, he found no ſign of it at 15 fathom deep; but-if the blaſts con- 
tinued long, then it moved the mud at the bottom, and made the water thick and dark. 
And I remember he told me, which was the circumſtance I chiefly deſigned, that ſtaying 
once at the bottom of the ſea very long, where it was conſiderably deep, he was amazed 
at his return to the upper parts of the water to find a ſtorm there, which he dreamt not 
of, and which was raiſed in his abſence, having taken no notice of it below, and having 
left the ſea calm enough when he deſcended into it. | 
Fon farther confirmation, I ſhall add, that having inquired of a great traveller who 
had affiſted at a rich pearl-fiſhing in the Eaſt- Indies, whether he had not learned by his 
converſation with the divers, that ſtorms reach not to the bottom of the ſea, if it be of 
any conſiderable depth; he anſwered, that he had ſeen the divers take the water when 
the ſea was ſo very rough, that ſcarce any veſſels would hazard themſelves out of ports ; 
that thoſe returning divers told him, that at the bottom they had found no diſturbance 
of the water at all; which is the more conſiderable, becauſe of the ſituation of that 
place where they dive for pearls ; for this is near the ſhore of Manar, and that itſelf is 
leated between the great iſland of Ceylon and the vaſt cape of Comori; and though it may 
be much nearer the former, is not yet far diſtant from the latter; which ſituation and the 
neighbourhood of the vaſt Indian ocean, on the one fide of Ceylon and the great gulph 


of Bengala (antiently Sinus Gangeticus) on the other, makes the place where the pearls 


are fiſhed for exceeding likely to be ſubject to very troubled ſeas. 

IT will perhaps be thought no ſlight addition to the foregoing arguments, if I here 
add, that meeting one day with an ancient and expert ſeaman, whom his merit had ad- 
vanced to conſiderable employments in his profeſſion, I was confirmed by the enquiries [ 
made of him, not only in the opinion I had about the calmneſs of the bottom of the ſea, 
but alſo, that the operation of good gales of wind does oftentimes not reach to near fo 
conſiderable depths into the fea, as hath been hitherto ſuppoſed, even by navigators 
themſelves. For he aſſured me, that having ſometimes failed in great ſhips that drew 
much water, as about 12 or 15 feet, he had dived to the keel of the ſhips when the 
were under ſail, and obſerved the agitations of the water to be exceedingly diminiſhed and 
grown very languid even at that ſmall diſtance from the upper part of the waves; and he 
farther anſwered, that when in America he learned to dive of the Indians, they taught 

him by their examples, to creep along by the rocks and great ſtones that lay near che 
ſhore, at the bottom of the water, to ſhelter themſelves from the ſtrokes and other ill 
effects of the billows, which near the ſhore, and where the ſea was fo ſhallow as it was 
there, did often hurt and endanger: ſwimmers and unſkilful divers. But when they were, 
by this means, got farther from ſhore and into deeper water, they would ſecurely leave 
the ſhelter they had till then made uſe of, and ſwim within a few yards of the ſur face of 
the ſea and commotions of the upper parts of the water. et” 

Bur laſtly, for further ſatisfaction, I had the opportunity to make irquiry about this 
matter of a great ſea commander, who has both an extraordinary curioſity to make marine 
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obſervations and an unuſual care in making of them accurately, I found the opinion 
countenanced by his anſwer, which was in ſhort, that he had lately been at a place 
where the ſea was often tempeſtuous enough, and that they found by a ſure mark, that 
the ſtorm did not reach with any efficacy four fathom beneath the ſurface of the water. 
ABovuT the tranquillity of the lower parts of very deep waters I had a ſuſpicion which, 
though I fear it might ſeem ſomewhat extravagant, becauſe I have not met with it in 


authors z yet I thought it worth examining for the uſe it might be of, if reſolved, in refe- 


rence to the ebbing and flowing of the ſea. 

I MADE, therefore, a ſolicitous inquiry whether the tides did reach to, or near the 
bottom of the deeper ſeas, but found it exceeding difficult, by reaſon of men's want of 
curioſity, to obtain any ſatisfaction about a problem that moſt navigators I have converſed 
with did not ſeem to have ſo much as dreamed of. But thus much I found, indeed, by 
inquiring of an engineer, who was curious of marine obſervations, that a famous ſea com- 
mander of his acquaintance, being alſo a great mathematician, had affirmed to this relator, 
that he had divers times obſerved, that when he let down his plummet to a great depth, but 
yet not to reach ground, it would be quickly carried by a motion quite contrary to that of the 
ſhallop, whence they ſounded, and very much quickerthan it ; but I had this only at ſecond. 
hand. Alfo, if I miſ-remember not, I was informed by a ſkilful obſerver, that commanded, 
many of our Engliſh men of war, that he had, near the Sound, obſerved the upper and lower 
parts of the water to move with a conſiderable ſwiftneſs quite different ways; but not having 
committed this relation to writing, I dare not build much upon it. And among the 
anſwers I had received and written down concerning thoſe matters, all that I can yet find 
among my adverſaria is a relation which, though ſingle, will not be unworthy to be tran- 
ſcribed in this place, becauſe the perſon who gave it me is one of the ancienteſt and meſt. 
experienced pilots of our nation. 

Tas perſon, therefore, aſſured me, that ſailing beyond the Cape of Good Hope, into 


the South Seas, he made trials of the motion of the upper part of the water above the 


lower, where ſometimes caſting out a large and heavy plummet, he let it down. to ſeveral 
depths ſhort of 50 fathom, without any ſenſible operation upon the motion of the boat 
or ſhallop he ſtood in to make the trial; but when he let down the. plummet lower, to 
about an hundred fathom or more, then he found, that though the plummet reached not 
to the bottom of the water, yet upon the ſcore of the ſtanding water beneath, the ſupe- 
rior water would make the boat turn towards the tide or current, as if it lay at anchor, 
and the water would run by the ſide of the boat at the rate of about three miles an hour; 
thus far this diligent obſerver : but how far the inequality of the ſoil at the bottom of the 
ſea, and how far various depth of the water, and ſome other circumſtances may alter the 
caſe, and make it hard to determine what ought to be aſcribed to tides, and what to cur- 
rents, are things which I will by no means be poſitive in, till I can meet with further 
information, | | 
[Since the writing of this, happening to meet with one that ſpent ſome time at a 
mous eaſtern pearl-fiſhing, and aſked him, whether he had inquired of the. divers about 
the problem lately propoſed, and whether the ſea were there deep enough to make ob- 
ſervations of that kind; to the latter part of which queſtion he replied, that in ſome. 
places it was of a very conſiderable depth, and fit to make the obſervation in and to 
the former he anſwered, that he had inquired ct the divers, who affirmed to him, that 


ſometimes at the bottom of the deep waters there ſeemed to be a ſtagnation of the fea 


for a great depth, ſo that till ſuch a height they could riſe directly upwards, but that at 
other heights they would be carried away by the leſs deep waters; ſo as to be found, 
when they came to emerge, a great way off from that point ſof the ſurface, which was 
perpendicular to that place at the bottom, whence they. began to aſcend.] NEW 


PNEUMATICAL EXPERIMENTS 


ABOUT 


RESPIRATION. 


Printed firſt in the Philoſophical Tranſafions, Ne 62, for Auguſt 


the 8th, 1670. 


F 
Odſervations made about the laſting of ducks included in the exhauſting receiver. 


ATURE having, as zoologiſts teach us, furniſhed ducks and other water-fowl 

with a peculiar ſtructure of ſome veſſels about the heart, to enable them, when 
they have occaſion to dive, to forbear for a pretty while reſpiring under water without 
prejudice z I thought it worth the trial, whether ſuch birds would, much better than 
other animals, endure the abſence of the air in our exhauſted receiver. The accounts of 
which trials were, when they were made, regiſtered as follows: 


EXPERIMENT I. 


Wr put a full grown duck (being not then able to procure a fitter) into a receiver, 
whereof ſhe filled, by our gueſs, a third part, or ſomewhat more, but was not able to 
ſtand in any eaſy poſture in it; then pumping out the air, though ſhe ſeemed at firſt 
(which yet I am not too confident of, upon a fingle trial) to continue well ſomewhat 
longer than a hen in her condition would have done; yet within the ſhort ſpace of one 
minute ſhe appeared much diſcompoſed, and between that and the ſecond minute, her 
ſtruggling and convulſive motions increaſed ſo much, that her head allo hanging care- 
leſly down, ſhe ſeemed to be juſt at the point of death; from which we preſently * 
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obſervations and an unuſual care in making of them accurately, I found the opinion 
countenanced by his anſwer, which was in ſhort, that he had lately been at a place 
where the ſea was often tempeſtuous enough, and that they found by a ſure mark, that 
the ſtorm did not reach with any efficacy four fathom beneath the ſurface of the water. 

Azour the tranquillity of the lower parts of very deep waters I had a ſuſpicion which, 
though I fear it might ſeem ſomewhat extravagant, becauſe I have not met with it in 
authors z yet I thought it worth examining for the uſe it might be of, if reſolved, in refe- 
rence to the ebbing and flowing of the ſea. | 

I mae, therefore, a ſolicitous inquiry whether the tides did reach to, or near the 
bottom of the deeper ſeas, but found- it exceeding difficult, by reaſon of men's want of 
curioſity, to obtain any ſatisfaction about a problem that moſt navigators I have converſed 
with did not ſeem to have ſo much as dreamed of. But thus much I found, indeed, by 
inquiring of an engineer, who was curious of marine obſervations, that a famous ſea com- 
mander of his acquaintance, being alſo a great mathematician, had affirmed to this relator, 
that he had divers times obſerved, that when he let down his plummet to a great depth, but 
yet not to reach ground, it would be quickly carried by a motion quite contrary to that of the 
ſhallop, whence they ſounded, and very much quickerthan it; but I had this only at ſecond. 
hand. Alſo, if I miſ-remember not, I was informed by a ſkilful obſerver, that commanded, 
many of our Engliſh men of war, that he had, near the Sound, obſerved the upper and lower 
parts of the water to move with a conſiderable ſwiftneſs quite different ways; but not having 
committed this relation to writing, I dare not build much upon it. And among the 
anſwers I had received and written down concerning thoſe matters, all that I can yet find 
among my adverſaria is a relation which, though ſingle, will not be unworthy to be tran- 
ſcribed in this place, becauſe the perſon who gave it me is one of the ancienteſt and mecſt 
experienced pilots of our nation. 

Tuts perſon, therefore, aſſured me, that ſailing beyond the Cape of Good Hope, into 
- the South Seas, he made trials of the motion of the upper part of the water above the 
lower, where ſometimes caſting out a large and heavy plummet, he let it down. to ſeveral 
depths ſhort of 30 fathom, without any ſenſible operation upon the motion of the boat 
or ſhallop he ſtood in to make the trial ; but when he let down the. plummet . lower, to 
about an hundred fathom or more, then he found, that though the plummet reached not 
to the bottom of the water, yet upon the ſcore of the ſtanding water beneath, the ſupe-- 
rior water would make the boat turn towards the tide or current, as if it lay at anchor, 
and the water would run by the fide of the boat at the rate of about three miles an hour; 
thus far this diligent obſerver : but how far the inequality of the ſoil at the bottom of the 
fea, and how far various depth of the water, and ſome other circumſtances may alter the 
caſe, and make it hard to determine what ought to be aſcribed to tides, and what to cur- 
rents, are things which I will by no means be poſitive in, till I can meet with further 

information, | 
(Since the writing of this, happening to meet with one that ſpent ſome time at a fa- 
mous eaſtern pearl-fiſhing, and aſked him, whether he had inquired of the. divers about 
the problem lately propoſed, and whether the ſea were there deep enough to make ob- 
fervations of that kind; to the latter part of which queſtion he replied, that in ſome 
places ir was of a very conſiderable depth, and fit to make the obſervation in; and to 
the former he anſwered, that he had inquired ot the divers, who affirmed to him, that 
ſometimes at the bottom of the deep waters there ſeemed to be a ſtagnation of the ſea 
for a great depth, ſo that till ſuch a height they could riſe directly upwards, but that at 
other heights they would be carried away by the leſs deep waters; ſo as to be found, 
when they came to emerge, a great way off from that point {of the ſurface, which was 
perpendicular to that place at the bottom, whence they-began to aſcend.] NEW 


PNEUMATICAL EXPERIMENTS 


ABOUT 


RESPIRATION. 


Printed firſt in the Philoſophical Tranſafions, No 62, for Auguſt 
the 8th, 1670. 


T1 FF bo BS. 
Obſervations made about the laſting of ducks included in the exhauſting receiver. 


TATURE having, as zoologiſts teach us, furniſhed ducks and other water-fowl 

with a peculiar ſtructure of ſome veſſels about the heart, to enable them, when 

they have occaſion to dive, to forbear for a pretty while reſpiring under water without 

prejudice z I thought it worth the trial, whether ſuch birds would, much better than 

other animals, endure the abſence of the air in our exhauſted receiver. The accounts of 
which trials were, when they were made, regiſtered as follows: 


EXPERIMENT I. 


We put a full grown duck (being not then able to procure a fitter) into a receiver, 
whereof ſhe filled, by our gueſs, a third part, or ſomewhat more, but was not able to 
ſtand in any eaſy poſture in it; then pumping out the air, though ſhe ſeemed at firſt 
(which yet I am not too confident of, upon a ſingle trial) to continue well ſomewhat 
longer than a hen in her condition would have done; yet within the thort ſpace of one 
minute ſhe appeared much diſcompoſed, and between that and the ſecond minute, her 
ſtruggling and convulſive motions increaſed ſo much, that her head allo hanging care- p 
ſly down, ſhe ſeemed to be juſt at the point of death; from which we preſently — | \ 
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her by letting in the air upon her ; ſo that this duck being reduced, in our receiver, to a 
gaſping condition, within leſs than two minutes, it did not appear, that, notwithſtand. 
reſpiration for ſome time under water, this duck was able to hold out conſiderably longer 
than a hen or other bird, not aquatick, might have done; and to manifeſt that it was 
not cloſeneſs and narrowneſs of the veſſel in reference to ſo bulky an animal that pro- 
duced in the ſubject of our trial the great and ſudden change above-recited, we ſoon after 
included the ſame bird in the ſame receiver, and having by a ſpecial way cemented it on 
very cloſe, we ſuffered her to ſtay thus ſhut up with the air for five times as long as 
formerly (by our gueſs, helped by a watch) without perctiving her to be diſcompoſed; 
end fhe would protably hive contimued longer in the ſame condition, if my patience and 

leiſure would have held out fo long as ſhe could have done in that priſon. 


EXPERIMENT I. 


HavinG at the ſeaſon of the year procured a duckling that was yet callow, we con- 
veyed her into the farhe receiver wherein the former had been included, and obſerved, 
that, though for a while ſhe appeared not much diſquieted, whilſt the air was pumping 
out of the glaſs, yet before the firſt minute was quite ended, ſhe gave manifeſt tokens 
of being much diſordered; and the operation being continued a while longer, ſhe grew 
ſo much worſe, that ſeveral 'convulſive motions ſhe fell into before a ſecond minute was 
expired, obliged us to let in the air upon her, whereby ſhe quickly recovered. 

N. B. I peETERMINE not whether it be proper in this place to add, that when the 
receiver was pretty well exhauſted, the included bird appeared to the ſpectators mani- 
nifeſtly bigger than before the air was drawn, eſpecially about the crop, though that was 
very turgid before. And to manifeſt, that in this duck, as in the former, the convul- 
ſions that uſed to be immediately followed by death, proceeded from the withdrawing 
of the ambient air, and not from the clogging of it; we kept the ſame duckling in the 
ſame receiver very cloſe, to keep out all external air, and to Keep in the excrementitious 
fteams of her body for above 6 minutes, without. perceiving her to grow ſick upon her 
impriſonment z which yet laſted above thrice the time that ſufficed to reduce her in the 
abſence of the air to a gaſping condition. | 

N. B. IT not being intended that ducks and other water-fowl ſhould any more than 


other birds, live in an exceeding rarefied air, but only be able to continue upon occaſion 


a pretty while under water, it may ſuffice that the contrivance of thoſe parts which relate 


to reſpiration, be ſo far fitted for the purpoſe, as we ſhall ſee it is, when we come to 
the tenth title, | 


TITELSH 
Of the phenomena afforded by vipers included in an exbauſted receiver. 


CoxsmerinG that vipers are animals endowed with lungs (though of a different ſtruc- 
ture from thoſe of men, dogs, cats, and birds, &c.) and that their blood is, as to ſenſe, 
actually cold; I thought it might, upon both theſe accounts, be very well worth trying, 
what effect the withdrawing and abſence of the air would have upon animals ſo conſti- 
tated. I therefore made divers trials, ſome of which did: not diſpleaſe me z but I know 
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not by what misfortune the memorials of them were loft, except two or three, which 
were dot periect, that I ſhall here ſubjoin. Pt , 


EXPERIMENT I. 


Wr included a viper in a ſmall receiver, and as we drew out the air, ſhe began to Jan. 2- 
ſwell, and afforded us theſe phenomena. 1665 - 
1. Ir was a good while after we had left pumping before the viper began to ſwell ſo 
much as to he forced to gape, which afterwards ſhe did. 
2. Tha ſhe continued, by our eſtimate, above two hours and half in the exhauſted 
receiver without giving clear proof of ber being killed. 
3. THar after ſhe was once ſo ſwelled as to be compelled to open her jaws, ſhe ap- 


peared ſlender and lank again; and yet very ſoon after appeared ſwelled again, and had. 
her jaws disjoined as before. 


EXPERIMENT II. 


Wx took a viper, and including her. in the greateſt ſort of ſmall receivers, we emptied: 
the glaſs-very carefully, and the viper moved up and down within, as if it were to ſeek. 
for air, and after a while foamed a little at the mouth, and left of that foam ſticking to - 
the inſide of the glaſs, her body ſwelled not conſiderably, . and her neck leſs, till a pretty 
while after we had left pumping; but afterwards the body and neck grew prodigiouſly 
tumid, and a bliſter appeared upon the back. An hour and an half after the exhauſtion 
of the receiver, which we then by trial found to be pretty ſtanch, the diſtended viper did 
give by motion manifeſt ſigns of life; but we obſerved none afterwards. The tumor 
reached to the neck, but did not ſeem much to ſwell the under-chap, both the neck and 
a great part of the throat, being held betwixt the eye and the candle, were tranſparent . 
enough where the ſcales did not darken them. The jaws remained mightily opened, 
and ſomewhat diſtorted ;z the epiglottis with the rimula laryngis, which remained gaping, . 
was protruded almoſt to the farther end of the nether-chap. As it were from bencati ; 
this epiglottis came the black tongue and reached beyond ir, but ſeemed by its poſture 
not to have any life, and the mouth alſo was grown blackiſh within, but the air being 
re-admitted after 23 hours in all, the viper's mouth was preſently cloſed, though ſoon. 
after it was opened again, and continued long ſo; and ſcorching or pinching the. tal 
made a motion in the whole body that argued ſome lite. 


EXPERIMENT III. 


To theſe experiments upon vipers I ſhall add one made upon an ordinary harmleſs ſnake, April 25. 
We included ſuch an animal, together with a gage, in a pretty portable receiver, 

which, being exhauſted and well ſecured againſt the ingreſs of the air, was laid aſide in 

a quiet place, where it continued from 10 or 11 of the clock in the forenoon, till about 

nine the next morning; and then my occaſions calling me abroad, I looked upon the 

inake, which, though he ſeemed to be dead, and gave no ſigns of life upon the ſhaking . 

of the receiver; yet, upon holding the glaſs a convenient diſtance from a moderate fire, 

he did in a ſhort time manifeſt himſelf to be alive by ſeveral tokens, and even by purang s 
Toth. 
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forth his forked tongue. In that condition J left him, and, by reaſon of ſeveral ayot 
cations, came not to look upon him again till the next day early in the afternoon ; at 
which time he was grown paſt recovery, and his jaws, which were formerly ſhut, gaped 
exceeding, wide, as if they had been ſtretched open by ſome external violence. 


ELL 


TI T LE B II. 
Of the phenomena afforded by frogs in an exhauſted receiver. 


Sept. 9, Tus ſame conſiderations that induced me to make ſeveral trials upon vipers, did alſo 
1863. — on to make ſeveral upon frogs ; the ſucceſs of ſome of which the following notes 
will declare, 


EXPERIMENT I. 


Wx took a large luſty frog, and having included her in a ſmall receiver, we drew out 
the air, and left her not very much ſwelled, and able to move her throat from time to 
time, though not ſo faſt, as when ſhe freely breathed from the exſuction of the air. 
She continued alive two hours, that we took notice of, ſometimes removing from the 
one ſide of the receiver to the other, but ſhe ſwelled more than before, and did not ap- 
pear by any motion of her throat or thorax to exerciſe reſpiration, but her head was not 
very much ſwelled, nor her mouth forced open. After ſhe had remained there ſomewhat 
above three hours (for it was not 34 hours, i. e. 3 hours and a half) perceiving no ſign of 
life in her, we let in the air upon her, with which the formerly tumid body ſhrunk very 
much, but ſeemed not to have any other change wrought in it; and though we took 
her out of the receiver, yet in the free air itſelf, ſhe continued to appear ſtark dead, 
Neverthele!s, to ſee the utmoſt of the experiment, having cauſed her to be laid upon 
the graſs in a garden all night, the next morning we found her perfectly alive again. 


EXPERIMENT II. 
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June 29, ABOUT 11 of the clock in the forenoon we put a frog into a ſmall receiver, contain- 
1000. ing about 154 ounces troy weight of water, out of which we had tolerably well drawn the 
air (ſo that when we turned the cock under water, it ſucked in about 134 ounces of wa- 
ter) ; the frog continued in it {the receiver all the while under water) lively enough until 
about 5 of the clock in the afternoon, when it expired. The frog at the firſt ſeemed not 
W -- to be much altered by the exſuction of the air, but continued breathing both wich her 
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| i {t throat and lungs. 

li | EXPERIMENT II. 

LY 

i, Sep-. 6, Ws included into a pretty large receiver a couple of frogs newly taken, the one not 
He 1662, above an inch long, and proportionably ſlender ; the other very large and luſty. Whilſt 


| i 
1 j the air was drawing out, the leſſer frog ſkipped up and down very lively, and, ſomewhat 


to our wonder, clambered up ſeveral times to the ſides of the receiver, inſomuch, * 
| e 
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he ſometimes reſted himſelf againſt the fide of the glaſs. When his body ſeemed to be | 1 
perpendicular to the horizon, if not in a reclining poſture, he continued to ſkip up and 1 
down a while after the exſuction of the air; but within a quarter of an hour (meaſured it. 
by a minute watch) we perceived him to lie ſtark dead with his belly upwards. The i 

| 


other frog, that was large and ſtrong, though he began to ſwell much upon the with- 
drawing of the air, and ſeemed to be diſtreſſed by his frequently leaping up after the air 
was drawn out, which he did not before, yet being, as we ſaid, very luſty, he held out 
half an hour, at which time it was remarkable, that the receiver, though it had held out 
againſt the preſſure of the outward air during that ſpace of time, notwithſtanding that a 
picce of it had been cracked out, and was mended, with a cloth dipped in cement, yet, 
at the end of the half hour the weight of the outward air ſuddenly beat it in, and thereby 
brought the impriſoned frog a reprieve, which hindered us from bringing the experiment: 
to an iſſue, 


E XP E RIM ENT IV. 


We. took a ſmall frog, and having conveyed her into a very ſmall portable receiver, Sept. 11. 
we began to pump out the air, At firſt ſhe was lively enough, but when the air began 
to be conſiderably withdrawn, ſhe appeared to be very much diſquieted (leaping ſome- 
times after an odd manner, as it were, to get out of the uneaſy priſon, but yet not ſo, 
but, that after the operation was ended, and the receiver taken off, the frog was perfectly 
alive, and continued to appear ſo (if I am not miſtaken) near an hour, though the abdo- 
men was very much, and the throat ſomewhat extended; this latter part having allo - 

left that wonted panting motion that is ſuppoſed to argue and accompany the reſpiration 
of frogs. At the end of about three quarters of an hour, aiter the removal of the re- 
ceiver from the. pump, the air was let in; whereupon the abdomen, which by that time 
was ſtrangely ſwelled, did not only ſubſide, but ſeemed to have a great cavity in it, as 
the throat alſo proportionably had ; which cavities continued, the frog being gone paſt all: 
recovery. 


EXPERIMENT V. 


ALARGE frog was conveyed into a plated receiver, and the air being withdrawn, her April 14. 
body by degrees was diſtended ; . as appeared very notably, when by a caſual ſpringing 
of a leak the air got in again, and made her look much more lank and hollow than ever. 
The receiver, with the gage, were kept under water near ſeven hours, becauſe I was 
obliged to ſtay long abroad; at the end of which, coming home, I found the receiver 
ſtanch, but the frog dead and exceedingly ſwelled; upon the letting in of the air, ſhe. 
became more hollow-and lank than ever. | 2 

N. B. InHAvs purpoſely, both under this title, and ſome others, ſubjoined ſome trials, 
whoſe events are not altogether ſuch, as others recited under the ſame head, would 
invite one to expect; but I purpoſely do it, not only to be true to the impartiality 
I propoſed to my ſelf in writing theſe narratives, but to awaken the curious to confider and 
obſerve what variety of phenomena in ſuch trials may be attributed to the ſeaſon of the 
year wherein they are made; and to ſtrength, bulk, age, peculiar conſtitutions, &c. that 
relate to the reſpective animal on which the experiments are made; beſides what things 
may on other account be fit to be alio conſidered. . 
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without any, or without a full refpiration, would not be more difficult or flowly killed 
by the want of the air, than others, which had been longer uſed to a free reſpiration ; we 


: marks minutes and quarter minutes, within one minute, or little more, after the air firſt 


tongue out; but upon letting in of the air, he did in a trice ſhew ſigns of life, and being 
taken out of the receiver, quickly recovered ; and to allow him the benefit of his good 


him alive ; which I ſoon found I had cauſe to do. For though we continued pumping, 
and could not perceive that the engine leaked more than in the former experiments; the 
mouth open, and his tongue lolling out, without any ſenſible breathing and pulſation 
though there was yet no ſenſible motion of the heart or the lungs; but afterwards gaping 


hour, recovered ; wherefore, thinking it ſevere to make him undergo the ſame meaſure 


ceiver, obſerved that divers violent convulſions, as it were, gaſping for breath, into which 
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which the little creature that ſeemed ſtark dead before, made us ſuſpect that he might 
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1 IT LS WW. 
Of the phenomena afforded by 4 now kittened kitling in the exbanſted rerei ver. 
Bz deſirous to try whether animals that had lately been accuftomed to hve, either 


< 


took a kitling that had been kittened the day before, and put it into a very ſmall receiver 
(that we gueſſed to hold about a pint or lefs) that it might be the ſooner exhauſted. As 
foon as the pump began to play, I took notice of the time, and found by a watch, that 


began to be withdrawn, that the little animal, who, in the mean time had gaſped for 
life, and had ſome violent convulſions, lay as dead, with his head downwards, and his 


fortune, we ſent for a kitling of the ſame age and litter, which being put into the ſame 
receiver, quickly began, like the other, to have convulſions, after which he lay as dead 
but obſerving very narrowly, I perceived ſome little motions, which made me conclude 


kitling began to ſtir again, and after a while had ſtronger and more general convulſions 
than before; until at the end of full fix minutes after the exſuction of the air was begun, 
the animal ſeeming quite dead, the outward air was re-admitted into the receiver, which 
not reviving him as it had done the other, he was taken out of the veſſel, and lay with his 


until having ordered him to be pinched, the pain, or fome internal motion, produced by 
the external violence done to him, made him immediately give manifeſt ſigns of life, 


and fetching his breath in an odd manner, and with much ſtraining, as I have feen ſome 
fœtuſes do, when cut out of the womb, he, little by little, within about a quarter of an 


again, we ſent for another, kittened at the ſame time, and incloſing that alſo in the re- 


he began to fall at the ſecond or third ſuck, ended in a ſeeming death, within about a 
minute and a half; but, being made more diffident by the late experiments, I cauſed 
the pump to be plied, and the rather, becauſe I had a mind to obferve, whether, when 
the air was from time to time drawn away, there would not, upon the opening of the 
ſtop-cock to let it out, appear ſome ſudden ſwelling, greater or leſs, of the body of the 
animal, by the ſpring and expanſion of ſome air (or aerial matter) included in the thorax 
or the abdomen. Such an inflation (though not great) we thought we obſerved ; but 
until farther trial, I dare not acquieſce in it. A while after, notwithſtanding our conti- 
nuing to pump, the kitling gave manifeſt ſigns of life, which was not until it had en- 
dured divers convulſions as great as thoſe of the firſt fit, if not greater. When 7 mi- 
nutes from the beginning of the exhauſtion were completed, we let in the air; upon 


recover; but though we took him out of the receiver, and put aqua vitæ into his mouth, 
yet he irrecoverably died in our hands, | 
| THESE 
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Tuxsx trials may deſerve to be proſecuted with farther ones, to be made not only with 
ſuch kittens, but with other very young animals of different kinds; for by what has been 
related, it appears that thoſe animals continued 3 times longer in the exhauſted receiver, 
than other animals of that bigneſs would probably have done. 


1 r R % 


Some trials about the air uſually harboured and concealed in the pores of water, Cc. 


IT might aſſiſt us to make the more rational conjectures about the phænomena of 
divers of our experiments, (if we knew (ſomething near) what quantity of aerial ſub- 
ſtance is uſually found in the liquors we employ about them, eſpecially in that moſt 
common of them, water; and therefore, though it be very difficult (if at all poſſible) 
to determine the proportion of the air that lurks in water, with any thing of certainty, 
many circumſtances making it ſubject to vary very much; yet, to make the eſtimate, I 
eaſily could, where none at all, that I know of, hath been hitherto made by any man, 
I conſidered that it might afford us ſome light, if we diſcovered, at leaſt, what propor- 
tion, as to bulk, the air latitant in a quantity of water would have to the liquor it came 
from, when the aerial particles ſhould be gathered together into one place. For though, 
about this union, and the ſpring that may be conſequent to it, ſome doubts may be 
ſuggeſted, which I have not now time to diſcuſs; yet I ſuppoſed, that, at leaſt, ſome 
diſcoveries would by this way be made, though not of the true proportion between the 
- and the water, yet about two or three particulars, in due time to be taken notice 

. of. 

To find inſtruments, which would any way accommodate our purpoſe, proved a very | 
difficult work; ſo that among other things that we were fain to do, this was one, that : 
to evince how little the air latitant in water, did appear to leſſen the bulk of that water, : 
if it were ſuffered to fly away in an open tube; we ſuffered it to eſcape in an exhauſted 
receiver, without any artifice to catch it; by which trial the water did not part with any 
thing of its bulk that made a diminution ſenſibly to the eye. Wherefore we endeavoured 
to make this loſs viſible by ſome other trials, of which I can find but a few haſty memo- | 
rials among my looſe entries. | 

CHEMICAL pipe ſealed at one end, and 36 inches, or ſomewhat leſs, in length, was | 
filled with water, and inverted into a glaſs veſſel, not two inches in diameter, but + of 
an inch, or little more in depth. Theſe glaſſes being conveyed into a fit receiver, and 
the air being leiſurely pumped out, and ſumewhat ſlowly re admitted, the numerous 
bubbles that had aſcended during the operation, conſtituted at the top an atrial aggre- 
gate, mounting to , wanting about an hundredth part of an inch. 

PRESENTLY after the tube (by and by to be deſcribed) was filled again with the ſame Theſe are 1 
water, and inverted; and the water being drawn down to the ſurface of the veſſcled water, Wo ex fe- | 
and the air let in again, the water was impelled up to the very top, within a tenth and "Put: 
half a tenth of an inch. 

Tat tube for meaſuring the air latitant in water was 43 inches and 4 above the ſurface 
of the ſtagnant water; the air collected out of the bubbles at the top of the water was 
the firſt time x of an inch, and ſomewhat better; the ſecond time we eſtimated it but + 
an dy. The firſt time the water in the pipe was made to ſubſide full as low as the fur- 
face of the reſtagnant water; the ſecond time the loweſt we made it ſubſide ſeemed to be 
lour or five inches above the ſurface of the water in the open vellel, 
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Marrzx of fact thus recited would afford divers difficulties worthy to be conſidered, 
which I have not leiſure to diſcuſs; eſpecially, the odd thing that happens to the atrial 

iticles of water; for though, whilſt they lay concealed in the water, they took up ſo 

ittle room in it that it was inſenſible; and when they were permitted to eſcape out of the 

tube, the water was not manifeſtly diminiſhed by their receſs z yet, when they were 
aſſociated at the top of the tube, their aggregate did ſometimes maintain a place that was 
conſiderable enough in reference to the capacity of the whole tube, though I muſt here 
advertize that this aggregate did, at the top of the tube, poſſeſs more room than its 
bulk did abſolutely require; becauſe it was ſomewhat defended from the preſſure of the 
atmoſphere by the weight of the ſubjacent cylinder of water, which might be about three 
or four feet long. | 
 Quere, Whether any conſiderable proportion of bubbles will be afforded by the ſame 
liquor, if it be ſuffered to continue in the glaſs for ſome competent time after it has been 
once, or oftener, freed from bubbles already ? 

Quere, How far it may be worthy our conſideration, whether, in common water, 
there may not be concealed air enough to be of uſe to ſuch cold animals as fiſhes; and 
whether it may be ſeparable from the water that ſtrains through their gills ? 

Bur though I was at firſt content to make uſe of this way of eſtiinating the air con- 
cealed in water; yet, when I came where I could be a little better accommodated with 
glaſſes, I bethought myſelf of a ſmall inſtrument that would much better diſcloſe the 
wonderful plenty of the atrial particles I deſigned to diſcover. The ſtructure and uſe 
of this glaſs may be eaſily enough underſtood by the recital of the firſt experiment that was 
made with it, whereof take the following tranſcript. 

We: provided a clear round glaſs, furniſhed with a pipe or ſtem of about nine inches 
in length, the globulous part of the glaſs being on the outſide about three inches and 
half in diameter ; the pipe of this glaſs was within an inch of the top, melted at the flame 
of a lamp, and drawn out for two or three inches as ſlender as a crow's quill, that the 
decrement of the. water upon the receſs of the air karboured in its pores, might, if any 
ſhould happen, be the more eaſily obſerved and eſtimated. Above this ſlender part of 
the pipe, the glaſs, as was before intimated, was of the ſame largeneſs, or near it, with 
the reſt of the pipe, that the acrial bubbles, aſcending through the flender part, might there 
find room to break, and fo prevent the overflowing or loſs of any part of the water. 

Tuis veſſel being not without difficulty and ſome induſtry filled, till the liquor reached 
to the top of the ſlender part, where not being uniformly enough drawn out, it was 
fomewhat broader than eliewhere ; we conveyed the glaſs, together with a pedeſtal for 
it to reſt upon, into a tall receiver, and pumping out the air, there diſcloſed themſelves 
numerous bubbles, aſcending nimbly to the upper part of the glaſs, where they made a 
kind of froth or foam, but, by reaſon of the above-mentioned figuration of the veſſel, 
they b-oke at the top of the ſlender part, and ſo never came to overflow, 

Tuis done, the pump was ſuffered to reſt a-while to give the atrial particles lodged 
in the water time to ſeparate themſelves and emerge, which when they had done a pretty 
while, the pump was plied again for fear ſome air ſhould have ſtolen into ſo large a re- 
ceiver ; theſe viciſſitudes of pumping and reſting laſted for a conſiderable time, till at 
length the bubbles began to be very rare and we weary of waiting any longer; ſoon after 

which the external air was let into the receiver, and it appeared ſomewhat ſtrange to the 
ſpectators, that notwithſtanding ſo great a multitude of bubbles as had eſcaped out of 
the water, I could not, by attentively comparing the place where the ſurface of the water 
relted ar firſt, to which a mark had been affixed, with that where it now ſtood , I could 


not, I lay, diſcern the difference to amount to above, if ſo much as an hair's wy 
an 
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and the chief operator in the experiment profeſſed, that, for his part, he could not per- 
ceive any difference at all, | 
Tavs far for the narrative of the trial made by water; but that was not the only liquor 
into whoſe aerial particles I deſigned, by our little inſtrument, to inquire, and therefore 
filling a glaſs of the ſame ſhape, and much of the ſame bigneſs, with claret wine, and 
placing it upon a convenient pedeſtal, in a tall receiver, we cauſed ſome of the air to be 
pumped out; whereupon, in a ſhort time there emerged, through the ſlender pipe, ſo 
very great a multitude of bubbles that were darted, as it were, upwards, as did not a 
little both pleaſe and ſurprize the beholders ; but it forced us to go warily to work, for 
fear the glaſs ſhould break, or the wine overflow. Wherefore we ſcaſonably left off 
pumping before the receiver was any thing near exhauſted, and ſuffered the bubbles to 
get away as they could, till the preſent danger was over - paſſed; and then from time to 
time we pumped a little more air out of the receiver, till we were weary, the withdrawing 
of a moderate quantity of air at a time ſufficing, even at the latter end, to make the 


bubbles not only copiouſly, but very ſwiftly to aſcend (by a minute watch) for above a 
quarter of an hour together, 


Tux little inſtrument made uſe of about theſe trials, being deſigned to examine, 
among other things, the quantity of bubbles lurking in ſeveral liquors, is to be applied 
to ſpirit of wine and chemical oils, that are more ſubtle liquors than wine itſelf. And 
ſome circumſtances of our trials made us think that it might be worth examining what 


kind of ſubſtance may be obtained by this way of handling atrial and ſpirituous corpuſcles. 
But of the other uſes of our inſtrument elſewhere. 


TTT. 
Of ſome phenomena afforded by ſhell-fiſhes in an exhauſted receiver. 


EXPERIMENT l. 


Ax oyſter being put into a very ſmall receiver, and kept in long enough to have ſuc- 
ceſſively killed three or four birds or beaſts, &c. was not thereby killed, nor, for aught 
we could perceive, conſiderably diſturbed ; only at each ſuck we perceived that the air 
contained between the two ſhells broke out at their commiſſure ; as we concluded from 
the foam which at thoſe times came forth all round that commiſſure. About twenty- 
four hours after, coming to ſee in what condition this oyſter was, I found that both this 
and another that had been put at the ſame time into the receiver, were alive; but how 
long afterwards they continued ſo, I did not obſerve. 


EXPERIMENT It 


Trar ſame. day we put a pretty large craw-fiſh into a pretty large receiver, and 
found, that though he had been injured by a fall before he was brought thither, yet he 
ſeemed not to be much incommoded by being included, till the air was in great meaſure 
pumped out; and then its former motion preſently ceaſed, and he lay as dead, till upon 
the letting in a little air into the receiver, he began forthwith to move afreſh ; and 
upon the withdrawing the air again, he preſently, as before, became moveleſs. Having 
2 2 2 repeated 
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repeated this trial two or three times, we took him out of the receiver, where he ap- 
peared not to have ſuffered any harm, | 


EXPERIMENT III. 


Bur I thought it not unlikely that there may be ſome ſuch inequality in the ſtrength 
or vivacity of animals, as to ſuch kind of experiments. as ours, that it might be well 
worth while in ſeveral caſes to reiterate our trials. And on this occaſion I ſhall here add, 
that having put an oyſter into a phial full of water, before we included it in the receiver, 
that through the liquor the motion of the bubbles, expected from the fiſh, might be 
the more pleaſantly ſeen and conſidered ; this oyſter proved ſo ſtrong, as to keep itſelf 
cloſe ſhut, and repreſſed the eruption. of the bubbles," that in the other did force open 
the ſhells from time to time, and kept in its own air as long as we had occaſion to 
continue the trial, | 


EXPERIMEN:T:' TV. 


Moreover a craw-fiſh that was thought more vigorous, being ſubſtituted in the place 
6f the former craw-fiſh, though once he ſeemed to loſe his motion together with the 
air, yet afterwards he continued moving in the receiver, in ſpite of our pumping, 
whether, becauſe there was ſome unperceived leaking, that hindered a ſufficient exhauſ- 
tion of the air; or becauſe this particular animal was more ſtrong or vivid than the 
other, we could not poſitively determine. 


r 
Of the pbænomena of a ſcale-fiſh in an exhauſted receiver. 


Tux following experiment is far from being the firſt that was made on a ſcale-fiſh in 
our vacuum; but in regard that in the-receivers wherein thoſe trials were made, the ex- 
ternal air could not be kept out near ſo long, and ſo well as in the veſſel I am about to 
mention; I judged it well worth the pains to obſerve, what would happen to a fiſh in 
an exhauſted veſſel, where it ſhould be kept for ſome hours together from all ſupply of 
freſh air. And therefore I made ſeveral trials to that purpoſe, whereof that which J 
think the moſt conſiderable was regiſtered as follows : 

We took a receiver ſhaped almoſt like a bolt-head, containing by eſtimation near a 
pint, and the globulous part of it being almoſt half full of water, we put into it, at 
the orifice (which was pretty large) a ſmall gudgeon about three inches long, which, 
when it was in the water, ſwam nimbly up and down therein. Then having drawn out 
the air ſo well, that we gueſſed by a gage, that about ninetecn parts of twenty, or more 
might be exhauſted, we ſecured ourſelves, that the regreſs of the air ſhould not injure 
our experiment; about which we obſerved theſe particulars, 

FigsT, The neck of the glaſs being very long, though there appeared great ſtore of 
bubbles all about the fiſh, yct the reſt of the water, notwithſtanding the withdrawing of 
ſo much air as has been mentioned, emitted no froth and but few bubbles. 

SECONDLY) 
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SeconDLY, The fiſh both at his mouth and gills did for a great while diſcharge 
ſuch a quanity of bubbles as appeared ſtrange, and for about half an hour or more (for 
much longer I had not an opportunity to watch it) whenever he reſted awhile new 
bubbles would adhere to many parts of his body (as if they were generated there) eſpe- 
cially his fins and tail, ſo that he would appear almoſt beſet with bubbles; and if, being 
excited to ſwim, he was made to ſhake them off, he would quickly, upon a little reſt, 
be beſet with new ones as before. 


T»rirDLY, Almoſt all the while he would gape and move his gills, as before he was 
included; though towards the end of the time that I watched, it often happened, that 


he neither took in, nor emitted any aerial particles, that I could perceive, 


FourTHLY, After a while he lay almoſt conſtantly with his belly upwards, and yet 


would in that poſture ſwim briſkly as before. 

FirTHLY, Nay, after a while he ſeemed to be more lively than at firſt putting in; 
whether by reaſon that by diſcharge of ſo many bubbles, which, by their diſtenſion, 
perhaps put him to pain, he found himſelf relieved, or for ſome other cauſe, I examine 
not, 

_ Havine occaſion to go abroad, I returned about an hour and a half after he had 
been ſealed up, and found him almoſt free from bubbles, and with his belly upwards, 


and ſeeming, ſomewhat tumid, but yet lively as before. But an hour and a quarter after 


that, when riſing from dinner, I went to look upon him again, he ſeemed to be move- 


leſs, and ſomewhat ſtiff; yer, upon ſhaking the glaſs,. obſerving ſome faint ſigns of life- 


in him by ſome languid motions, he attempted to make when excited to them, I opened 
the receiver under water, to try if that liquor and air would recover him; and the external 
water, ruſhing in till it had filled the vacant part of the ball and the greateſt part of the 
ſtem too, the fiſh funk to the bottom of it, with a greater appearance than ever of bein 
alive; in which ſtate, after he had continued a pretty while, I made a ſhifr, by the help 
of the water he ſwam in, to get him through the pipe into a baton of water, where he 
gave more manifeſt ſigns of life, but yet for ſome hours lay on one ſide or other with- 
out being able to ſwim or lie on his belly, which appeared very much ſhrunk in, as if 
ſomething during the time of its being ſealed up had been broken in his body, or his 
belly had been exceedingly diſtended, beyond reſtitution to its former tone. 

ALL the while he continued in the baſon of water, though he moved his gills as before 
he had been ſealed up, yet I could not perceive that he did, even in his new water, emit, 
as formerly, any bubbles, though two or three times I held him by the tail in the air, 


and put him into the water again, where at length he grew able to lie conſtantly upon 
his belly, which yet retained much of its former lankneſs ; and though it be now about 


or above twenty-four hours, ſince he was firſt included, he continues yet alive. 


(PosTscR1PpT, He lived in the baſon eight or ten days longer; though divers 


gudgeans ſince taken died there in much fewer days). 
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I 


Of two animals included, with large wounds in the abdomen, in the pneumatical receiver. 


EXPERIMENT I 


A SMALL bird, having the abdomen opened almoſt from flank to flank, without in- 
juring the guts, was put into a ſmall receiver, and the ane being ſet to work, con- 
tinued for ſome little time without giving any ſigns of diſtreſs; but at the end of about 
a minute and a half from the beginning of the exhauſtion, ſhe began to have convulſive 
motions in the wings; and though the convulſions were not univerſal, or did appear vio- 
lent, as is uſual in other birds, from whom the air is withdrawn by the engine, yet at 
the end of two full minutes, letting in the air, and then taking off the receiver, we 
found the bird irrecoverable ; notwithſtanding which we did not find any notable altera- 
tion in the lungs, and found the heart, or at leaſt the auricles of it, to be yet beating, and 
ſo it continued for a while after. 


EXPERIMENT IL 


Włx took alſo a pretty large frog, and having, without violating the lungs or the 
guts, made two ſuch inciſions in the abdomen, that the two curled bladders or lobes of 
the lungs came out almoſt totally at them, we ſuſpended the frog by the legs in a ſmall 
receiver; and after we had pumped out a good part of the air, the animal ſtruggled very 
much, and ſeemed to be much diſordered ; and when the receiver was well exhauſted ſhe 
lay ſtill for a while, as if ſhe had been dead, the abdomen and thigh very much ſwelled, 
as if ſome rarefied air or vapour forcibly diſtended them ; but as, when the frog was put 
in, one of the lobes was almoſt full, and the other almoſt ſhrunk up, ſo they continued 
to appear after the receiver had been exhauſted ; but upon letting in of the air, not only 
the body ceaſed to be tumid, but the plump bladder appeared for a while ſhrunk up as 
the other, and the receiver being removed, the frog preſently revived and quickly began 
to fill the lobe with air. 


% BS: IN 


Of the motion of the ſeparated heart of a cold animal in the exhauſted receiver. 


W1THouT diſcuſſing the opinions of learned men about the connection and depen- 
dency of the motions of the blood and beating of the heart, I thought it might give 
me a ſufficient inducement to make the following experiment, that ſeveral ſorts of animals 
would be preſently killed in our vacuum by the withdrawing of the air; and even the 
inſects mentioned in the formerly publiſhed digreſſion about reſpiration, though they alſo 
were not totally deprived of lite by the abſence of the air, yet they were of viſible mo- 
tion; wherefore ſome good hint or other being to be hoped for from the diſcovering 
whether or no a ſeparated heart, which is but a part of an animal, would continue its 


motion 


is 
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motion in our vacuum; we made ſome trials to that purpoſe, whoſe ſucceſs I find thus 
ſet down. 


EXPERIMENT I. 


Taz heart of an eel being taken out and laid upon a plate of tin in a ſmall receiver, 
when we perceived it to beat there, as it had done in the open air, we exhauſted the 
veſſel, and ſaw, that, though the heart grew very tumid, and here and there ſent forth 
little bubbles, yet it continued to beat as manifeſtly as before, and ſeemed to do ſo more 
ſwiftly, as we tried, by numbering the pulſations it made in a minute, whilſt it was in 
the exhauſted receiver, and when we had re-admitted the air, and alſo when we took it 
out of the glaſs, and ſuffered it to continue its motion in the open air. The heart of 


another eel, being likewiſe taken out, continued to beat in the emptied receiver as the 
other had done, 


EXPERIMEN T IL 


Tux heart of another ee], after having been included in a receiver, firſt exhauſted, 
and then accurately ſecured from leaking, though it appeared very tumid, continued to 
beat there an hour; after which, looking upon it, and finding its motion very languid, 
and almoſt ceaſed, by breathing a little upon that part of the glaſs where the heart was, 
it quickly regained motion, which I obſerved a while ; and an hour after, finding it to 
ſeem almoſt quite gone, I was able to renew it by the application of a little more warmth. 
At the end of the third hour, coming to look at it once more, a bubble, that appeared 
to be placed between the auricle and the heart, ſeemed to have now and then a little 
trembling motion; but I found it ſo faint, that I could no more by warmth excite it, 
ſo as plainly to perceive the heart to move, wherefore I ſuffered the outward air to ruſh 


in, but could not diſcern, that thereby the heart regained any ſenſible motion, though 
aſſiſted with the warmth of my breath and hands. 


A compariſon of the times, wherein animals may be killed by drowning or withdruwing of 
| the air. | 


To help myſelf and others to judge the better of ſome difficulties concerning reſpira- 
tion, I thought it might be uſeful that we compared together the times wherein animals 
may be killed by that want of reſpiration, which, in thoſe that are drowned, is cauſed 
by the water that ſuffocates them, and that other want, which proceeds from withdrawing 
the ambient air. Of the latter of theſe, a ſufficient number of inſtances is to be met with 
among our other experiments, and therefore I ſhall now ſubjoin about the former the 


more trials, becauſe this compariſon hath not, that I know ot, been yet thought on by 
any. 


EX PE- 
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EXPERIMENT I. 


A oREEn-FINCH, having his legs and wings tied to a weight, was gently let down 
into a glaſs- body filled with water; the time of its total immerſion being marked; at 
the end of half a minute after that time, the ſtrugglings of the bird ſeeming finiſhed, he 
was nimbly drawn up again, but found quite dead. 


EXPERIMENT I. 


WHEREUPON a ſparrow, that was very luſty and quarrelſome, was tied to the ſame 
weight and let down after the ſame manner; but though he ſeemed to be under water 
more vigorous than the other bird, and cantinued ſtruggling almoſt to the very end of 
half a minute from the time of his being totally immerſed (during which ſtay under water 
there aſcended, from time to time, pretty large bubbles from his mouth) yet notwith- 
ſtanding that as ſoon as ever the half minute was completed, he was drawn up, we found 
him, to our wonder, irrecoverably gone. k 


EXPERIMENT III. 


A SMALL mouſe, being held under water by the tail, emitted from time to time divers 
acrial bubbles out of his mouth, and at laſt, as one of the ſpectators affirmed, he ſaw 
at one of his eyes; being taken out at the end of half a minute and ſome ſeconds, he 


yet retained ſome motions ; but they proved but convulſions, which at laſt ended in 
death, 


* By what is related under the firſt title, it does not appear that water-fowl, at leaſt, 
that ducks could, in our receivers, endure the want of air- much longer than other 
birds; but now to ſhew that the contrivance of nature is not inſignificant, as to the 
enabling them to continue much longer under water without freſh air than the land- 
birds above mentioned, it will not be amils to ſubjoin the two following experiments.” 


4 
0 
cc 


4; 


EXPERIMENT IV. 


Wr took the duck mentioned in the firſt title, and ſo tied a conſiderable weight of 
lead to her body, as it did not hinder her reſpiration, and yet would be ſure to keep 
her down under water; which we had found that a ſmall weight would not do by reaſon 


of her ſtrength, nor yet a great weight, if tied only to her feet, in ſuch a middle. ſized 


tube as ours war, becauſe of the height of her neck and beak. With the above-men- 
tioned clog, the duck was put into a tub full of clear water, under whoſe ſurface ſhe 
continued about a minute, by my watch, quietly enough, but afterwards began to appear 
for a while much diſturbed ; which fit being over, our not perceiving any motion in her 
made us, at the end of the ſecond minute, take her out of the water to ſee in what con- 
dition ſhe was, and finding her in a good one, after we had allowed her ſome breathing- 


time to recruit herſelf with freſh air, we let her down again into the tub, which in the 


mean time had been filled with freſh water, leſt the other, which had been troubled 
| with 
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with the ſteams and foulneſs of the duck's body, might either haſten her death by its 
being infected with them, or hinder our diſcerning what ſhould happen by its being 
opacated by them. vj 

Tux bird being thus under water, did, after a while, begin, and from time to time 
continue to emit divers bubbles at her beak. There alſo came out at her noſtrils divers 
real bubbles from time to time; and when the animal had continued about two minutes 
or better under water, ſhe began to ſtruggle very much, and to endeavour either to 
emerge or change poſtures z the latter of which ſhe had liberty to do, but not the for- 
mer. After four minutes the bubbles came much more ſparingly from her ; then alſo 
ſhe began to gape from time to time (which we had not obſerved her to do before) but 
without emitting bubbles; and ſo ſhe continued gaping until near the end of the ſixth 
minute, at which time all her motions, ſome of which were judged convulſive, and 
others, that had been excited by our rouzing her with a forceps, appeared to ceaſe, and 
her head to hang careleſly down as if ſhe was quite dead. Notwithſtanding which, we 
thought fit, for greater ſecurity, to continue her under water a full minute longer, and 
then finding no ſigns of life, we took her out, and being hung by the heels and gently 
preſſed in convenient places, ſhe was made to void a pretty quantity of water, of which, 
whether any had been received into the lungs themſelves, we had not time and oppur- 
tunity to examine. But all the means that were to recover the bird to life, proving in- 
effectual, we concluded ſhe had been dead a full minute before we removed her out of 
the water; ſo that, to ſum up the event of our experiment, even this water bird was not 
able to live in cold water without taking in freſh air, above ſix minutes; which is but 
15 of an hour. 3 


EXPERIMENT v. 


Taz duckling mentioned in the firſt title, and ſecond experiment, having a competent 
weight tied to her legs, was let down into a tub of water which reached not above an 
inch or two higher than her beak : during the moſt part of her continuance there came 
out ſtore of bubbles at her noſtrils ; but there ſeemed to come out more and greater from 
a certain place in her head, almoſt equidiſtant from her eyes, but ſomewhat leſs remote 
from her neck than they. Whilſt ſhe was kept in this condition, ſhe ſeemed frequently 
to endeavour to dive lower under the water, and after much ſtruggling and frequent 
gaping, ſhe had divers convulſive motions, and then let her head fall down backward, 
with her throat upwards. To which moveleſs poſture ſhe was reduced at the end of the 
third minute, if not a little ſooner ; but a while after there appeared a man.fteſt, but tre- 
mulous motion in the two parts of her bill, which continued for ſome time, but afforded 
no circumſtances whereby we could be fure that they were not convulſive motions; but 


theſe alſo ceaſing upon the end of the fourth minute, the bird was taken out and found 
recoverable. 


EXPERIMENT VI. 


A viPER that was kept ſo many hours in an exhauſted receiver till it was concluded 
to be ſtark dead, and to have been ſo for a good while, was neverthelels reſolutcly 
hindered by me from being thrown away, till I had tried what could be done by keeping 
it all night in a glaſs-body upon a warm digeſtive furnace: whereupon this viper was 

Vol. III. 3A found 
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found the next morning not only to be revived, but to be very lively, ſo as to invite me 
to make with her, without ſeeking for another, the following experiment. 

Ws put her into a tall glaſs- body, fitted with a cork to the orifice of it, and depreſſed 
with weight, ſo that ſhe could come at no air. In this cafe we obſerved her from time 
to time; and after ſhe had been ducked awhile, ſhe lay with very little motion for a 
conſiderable ſpace of time. At an hour and a quarter ſhe often put out her black tongue, 
at near four hours ſhe appeared much alive, and, as I remember, about that time alſo 
put out her tongue, ſwimming all this while, as far as we obſerved, above the bottom 
of the water. At the end of about ſeven hours or more, ſhe ſeemed yet to have ſome 
life in her, her poſture being manifeſtly changed in the glaſs from what it was awhile 
before; unleſs that might proceed from ſome difference made in her body, as to gravity 
and levity. Not long after ſhe appeared quite dead, her head and tail hanging down 
moveleſly, and directly towards the bottom of the veſſel, whilſt the middle of the body 
floated as much as the above-mentioned cork would permit it. | 

HasTe maketh me pretermit the mention of divers things ſuggeſted by what hath 
been delivered upon the preſent title. But this one thing would be taken notice of, that 
though ſome of the above-mentioned animals ſeem, by the relations we have given of 
them, to have been a little ſooner deſtroyed by drowning, than any we have mentioned 
were by our engine, that is no ſure proof that ſuffocation does kill animals faſter than the 
deprivation of air they are expoſed to in our engine. For in drowning, that which de- 
ſtroys is applied to its full vigour at the firſt, and all at once; whereas our receivers being 
made for ſeveral purpoſes, the deprivation of the air that they make cannot be made all 
at once, but the air muſt be pumped out by degrees; ſo that till the laſt the receiver 
will be but partly emptied. For confirmation of which, I have this to alledge, that, 
having in the preſence of ſome virtuoſi provided for the nonce a very ſmall receiver, 
wherein yet a mouſe could live ſome time, if the air were left in it, we were able to 
evacuate it at one ſuck, and by that advantage we were enabled, to the wonder of the 
beholders, to kill the animal in leſs than half a minute. 


CONTINUATION 


EXPERIMENTS 
RESPIRATION 


Printed firſt in the Philoſophical Tranſactions, No, 63, for 
September the 12th, 1670. 


1 


A PREFACE concerning theſe EXPERIMENT S. 


HO UG, to ſhun prolixity, the preface which the author had made to all he 

wrote about reſpiration, have been purpoſely omitted; yet there are ſome few 
points ſo neceſſary to be taken notice of, that it is thought unfit to leave them wholly 
untouched; for the following experiments being not at firſt written for the preſs, and 
thrown by for many years, till they were very haſtily gathered together, and in ſome 
places ſupplied with others, little leſs haſtily annexed, to make ſome neceſſary ſupplies, 
the reader muſt not expect in ſuch a caſual tract (which the author confeſſes to be one 
of the moſt imperfect and immethodical of all his compoſures) any thing but novelty 
and truth, and an earneſt deſire to be ſerviceable in an inquiry ſo important to 
mankind, to the curious in general, and eſpecially to phyſicians, who, by the 
encouraging mention they have made of his former endeavours in this kind, have 
invited him to add theſe many new experiments to thoſe few, they had hither- 
to exerciſed their wits upon; and to leave them the more freedom to do fo, he 
purpoſely forbore to confirm or confute any hypotheſis, or ſo much as propoſe any 
of his own; declaring it to be his aim, not to eſpouſe or make a party, but to commu- 
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nicate to the curious ſome matters of fact that are new, and in an hiſtorical way im- 
partially delivered. No more of preface is now to be added, but that it is thought fit, 
tor prevention of ambiguity, to give this advertiſement, touching the ground of the 
title of Vacuum Boylianum, to be met with in theſe experiments; that as learned men, 
both Englith and foreigners, in their writings, have familiarly, for diſtinction - ſake, em- 
ployed the titles of Machina Boyliana and Experimenta Boyliana ; ſo the author that writ 
theſe, for the moſt part in haſte, and for his own memory, did for diſpatch-ſake, call 
the abſence of the air procured in his receivers, our vacuum; whence by analogy was 
framed the Vacuum Boylianum, which he therefore thinks the leſs improper, becauſe, to 


call it vacuum abſolutely, would be judged by many a declaring himſelf a vacuiſt, who 


does not yet own the being either of their opinion, or a downright pleniſt ; or elſe he 
muſt be troubleſome to the reader and himſelf, by frequently explaining what ſort of 
vacuum he underſtands ; whereas he declares once for all, that by the Vacuum Boylianum, 
he means ſuch a vacuity or abſence of common air, as is wont to be effected or produced 
ia the operations of the Machina Boyliana. FT 


I 


Of the accidents that happened to animals in air, brought to a conſiderable degree, but not 
near the utmoſt one, of rarefaction. 


Ix the generality of our pneumatical experiments upon animals, it ſuited with our 
purpoſes, to rarefy the air as much, and for the moſt part as faſt as we could; but I had 
other trials in deſign, wherein an extraordinary degree of rarefaction, but yet not near 
the higheſt, to which the air might be brought by our engine, ſeemed likelieſt to con- 
duce to my inquiries, and particularly ſeemed hopeful to afford ſome light, in reference 
to thoſe diſeaſes and diſtempers that are thought primarily to affect the reſpiratory organs, 
or to depend upon ſomething amiſs in reſpiration. 

WHEREFORE, having gages, by the help of which ſuch experiments might be much 
better performed than elſe they could, I attempted ſeveral of them; ſome of whoſe ſuc- 
ceſſes I find in the following memorials. | 


EXPERIMENT I. 


A LINNET being put into a receiver, capable to hold about four half pints of water, 
the glaſs was well cloſed with cement and a cover, but none of the air was drawn out 
with the engine or otherwiſe. And though no new air was let in, nor any change mace 
in the impriſoned air,. yet the bird continued there three hours without any apparent ap- 
proach to death; and though it ſeemed fumewhat lick, yet being afterwards taken out, 
it recovered, and lived ſeveral hours. 


EXPERIMEN T Il. 


From the above-mentioned receiver about half the air was drawn out, a linnet being 
then in the glaſs, and in that rarefied air (which appeared by a gage to continue in that 


ſtate) the bird lived an hour and near a quarter before it ſeemed in danger of _ 
after 


x 
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after which, the air being let in without taking off the receiver, ſhe manifeſtly recovered, 
and leaped againſt the ſide of the glaſs ; being taken out into the open air, ſhe flew out 
of my hand to a pretty diſtance, | 


373 


EXPERIMENT II. 


Wx conveyed into a receiver, capable to hold four half pints of water, a lark, toge-Sept. 9. 
ther with the gage, by the help whereof we pumped out of the receiver three quarters 
of the air that was in it before; then heedfully obſerving the bird, we perceived it to 

nt very much, ſo that a learned phyſician (from whom I yet diſſented) judged thoſe 

tings to be convulſive; having continued thus for a little above a minute and a half, 
the bird fell into a true convulſive motion that caſt it upon the back. And although we 
made great haſte to let in the air; yet, before the expiration of the ſecond minute, and 
conſequently, in leſs than half a minute from the time immediately preceding the convul- 
ſion, the lark was gone paſt all recovery, though divers means were uſed to effect it. 


EXPERIMENT IV. 


PatsENTLY after we put into the ſame receiver a green-finch, and having withdrawn Sept. 9. 
the air until it appeared by the gage there remained but half, we preſently began to ob- 
ſerve the bird, and took notice, that, within a minute after, the appeared to be very 
ſick, and ſhaking her head, threw againſt the inſide of the glaſs a certain ſubſtance, 
which I took to be vomit, and which afterwards appeared ſo ; upon this evacuation the 
bird ſeemed to recover and continue pretty well (but not without panting) until about 
the end of the fourth minute, at which growing very ſick, fhe vomited again (ſhaking 
her head as at firſt) but much more unqueltionable than before, and ſoon after, eat up 
again a little of her vomit ; at which time (whether that contributed to her recovery or 
no) ſhe very much recovered. And though ſhe had in all three fits of vomiting, yet 
for the laſt ſeven or eight minutes that we kept her in the receiver, ſhe ſeemed to be 
much more lively than was expected, which may in part be attributed to a little air that 
by accident got in, though it were immediately pumped out again. At the end of a 
full quarter of an hour from the firſt exhauſtion of the receiver, the bird appearing not 
likely to die in a great while, and the engine being needed for other uſes, we took out 
the bird, and thereby put a period to the experiment. 


EXPERIMENT V. 


I now thought it fit to try, whether, though a viper would not hold out very many 
hours in air, brought to as high a rarefaction, as we could bring it by our engine, yet 
to that cold and vivacious animal, a very ſmall] proportion. of air, in compariſon of what 
was neceſſury to hot animals, would not fuffice to keep it alive for a conſiderable time; 
the narration of the experiment I find regiſtered as follows : 

A viPER lately bought of the perſon, that at this ſcaſon uſes to take new ones almoſt April 12. 
from day to day, was included, together with a gage, in a portable receiver capable to 
hold about three pints and half of water. This veſſel being exhauſted and ſecured againſt 
the regreſs of the air, the impriſoned animal was obſerved from time to. time; = =_ 
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' ſerved not only to be alive, but nimbly to put out and to draw back its tongue about 36 

hours after it was ſhut up; for which reaſon we continued the veſſel longer in the ſame 
ſhady place, where, at the end of 60 hours, looking upon her, as I was going to bed, 
the appeared very dull and faint, and not likely to live much longer; and the next morn- 
ing, being by ſome occaſions carried abroad, and coming to look upon the glaſs preſently 
after dinner, I found her ſtark dead, with her mouth opened to a ſtrange wideneſs; 
wherefore ſuffering water to be impelled by the outward air into the cavity of the receiver, 
to obſerve how far that veſſel was then emptied of air, we found by the water that was 
driven in and afterwards poured out again, and meaſured, that 4 parts of 5, or rather 3 
of 6 of the veſſeled air (if I may ſo call that which was ſhut up in the receiver) had been 
pumped out; ſo that in an air fo rarefied as to expand itſelf to 5 or 6 times its former 
and uſual dimenſions, our viper was able to live 60 hours that we are ſure of, and per- 
haps might a pretty while longer. 


A digraſive experiment concerning reſpiration upon very high mountains. 


To illuſtrate what I have taken notice of in the printed experiments about the unfit- 
neſs for reſpiration, obſerved by the learned Acofta in the high mountains of Pariacaca, 
I ſhall here add, what I have had the curioſity and occaſion to learn from divers travel- 
lers, whom I purpolely conſulted about theſe matters; whereof you will eaſily believe, 
that not many of them have had opportunity to give accounts. Meeting with an eccle- 
ſiaſtical perſon that had viſited thoſe high mountains of Armenia (on one of which, be- 
cauſe of their height, the tradition of the natives will needs have the ark to have reſted) 
I aſked him, whether thoſe mountains are as really fo high as is given out, and whether 
at the top of that he viſited, he found any difficulty of breathing. To the firſt part of 
which queſtion he anſwered, that they were really exceeding high (which he might well 
judge of, having been upon ſome of the moſt famous both in Europe, Alia, and Africa) 
and that he could not come to the top becauſe of the unpaſſable ſnows; and to the ſecond 
part he replied, that whilſt he was in the upper part of the mountain, he plainly per- 
ceived that he was reduced to fetch his breath much oftener than he was wont, and 
than he did before he aſcended the hill, and after he came down from it. And upon my 
inquiring whether or no that difficulty of breathing might not be accidental or peculiar 
to him, he told me, that he himſelf having expreſſed ſome wonder to find himſelf fo 
ſhort -· winded, the people told him, that it was no more than happened to them, when 
they were ſo high above the plain; it being a common obſervation among them. And 
] was the more inclined both to make inquiry about theſe matters, and to believe what 
he ſaid, becauſe what he related of their being covered with ſnow, and of an odd tem- 
perature of air, I had learned before from a traveller of another nation than this perſon, 
and a ftranger to him. > | % 

Tux ſame churchman being aſked by me, whether he had not in ſome part of Europe 
made the like obſervation (of the difficulty of breathing) rold me, that he had done it 
upon the top of a mountain in the country of Cevennes, in or near the province of Lan- 
guedoc; which may ſerve to confirm what I am about to relate from the mouth of a 
learned traveller that was upon the top of one of the Pyreneans, that is not very remote 
from the mountains we ſpeak of. 

Tuis gentleman, who was a perſon curious and intelligent, being brother-in-law to one 
of the chief lords of thoſe parts, was, by him, invited, about the beginning of Septem- 
ber, to viſit a neighbouring mountain that is at leaſt one of the higheſt of the Frome 

wh:c 
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which is commonly called Pic de Midi, upon whoſe top, where a tent was ſpread for 


them, they ſtaid many hours. His anſwers to the other queſtions I afked him are elſe- 
where related : all that concerns- this place being, that I find this ſet down among my 
adverſaria, viz. I alſo inquired of him, whether they found the air at the top as fit for 
reſpiration as common air, which he told me they did not, but were fain to breathe 
ſhorter and oftener than uſual z and becauſe I ſuſpected that might come from their 
motion, I aſked, whether they obſerved it to ceaſe, when they came down'to the bot- 
tom of the hill, which he told me they plainly did; beſides that they ſtaid many hours 
at the top, too long to continue out of breath. . 

Bur that I may not here conceal any thing that may conduce to the diſcovery of the 
truth in the matter under conſideration, I ſhall here add, that I did ſometimes think it 
worth further inquiry, whether the fickneſs, if not alſo the difficulty of breathing, that: 
ſome have been obnoxious to, in the uppermoſt parts of Pariacaca, and perhaps ſome 
other high mountains, may not be imputed, not ſo preciſely to the thinneſs and rarity 
of the air, in places ſo remote from the lowermoſt part of the atmoſphere, as to include 
certain ſteams of a peculiar nature, which, in ſome places, the air may be imbued with? 


In favour of which ſuſpicion, I remember, that inquiring once of an intelligent man who 


had lived ſeveral years in the Iſland of Teneriff, whether he had been at the top of the 
Pic of that name, and what he had there taken notice of about the air ? he anſwered 
me, that he had attempted to go up to the top of the mountain, but that, though ſome 
of the company were able to do ſo, he and ſome others, before they had reached ſo 
high, grew ſo ſick upon the operation they felt of the ſharp air, and ſulphurous exha- 
lations Wich infected it, that they were fain to ſtay behind their companions, he havin 

already found this effect of thoſe piercing ſteams upon his face, which, when he made 


me this relation, was of a fair complexion, that the ſkin began to be of a pale yellow, 
and even his hair to be diſcoloured. | 


EV 


Of the obſervations produced in an animal, in changes as to rarity and denſity made in the 


ſelf-ſame air. 


Ix the experiments hitherto recited, the animals that were recovered from a gaſping 
condition, have been fo, by letting in freſh air upon them, and not the ſame that had 
been withdrawn from them. Wherefore 1 thought it very requiſite to try whether the 
ſame portion of air, without being renewed, would, by being expanded much beyond its 
uſual degree, and reduced to it, ſerve to bring an animal to death's door, and revive 
him again ; fince by the ſucceſs of ſuch a trial it would notably appear, that the bare 
change of the conſiſtence of the air, as to rarity and denſity, may ſuffice to produce the 

avove-mentioned effect. 

Bor to deviſe a way to put this experiment in practice appeared no-eaſy matter; ſince 
it required a receiver that ſhould be tranſparent, and be capable of changing its bulk, 
without ſuffering any air to get in or out. | 

To ſurmount theſe difficulties, the firſt thing I thought on was, to take a fine limber 
and clear bladder of a ſheep or hog, made more tranſparent by being anointed with. 
oil, which was done on the outſide, that the ſmell of it might lets offend the animal to 
be included. Then we clipped off as much of the bladder at the neck as was judged 
abſolutely neceſſary to make an orifice capable of letting in a mouſe; that ſort of animals 


being, 
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by reaſon of their ſmallneſs, the fitteſt of thoſe furniſhed with lungs and hot 

blood we could procure. And whereas it ſeemed very difficult, when the neck of the 
bladder was cut off, to make up ſo large an orifice without wrinkles, at which the rare. 
fied air may eſcape ; to obviate this inconvenience, we provided a round ſtick ſomewhat 
leſs than the orifice, that, the wood being laid over with a cloſe and yielding cement 
{for pitch, or the like common ſtuff will not always ſerve the turn) we might be able to 
tie the bladder faſt and cloſe enough upon the thus fitted ſtopple. - 

AnD now to reduce theſe things to practice, and by their help make our debgned 
experiment, we included a mouſe into a receiver made according to this way, leaving in 
the bladder as much air as we thought might ſuffice him for a long time, as the experi- 
ment was to laſt. Then putting this limber or extenſible receiver, if I may ſo call it, 
into an ordinary one of glaſs, and placing this engine near à window, that we may ſee 
through both of them; the air was by degrees pumped out of the external receiver (as 
for diſtinction ſake I ſball call it) and thereupon the air included in the bladder did pro- 
portionably expand itſelf, and fo diſtend the external receiver, till being arrived at a de- 
gree of rarefaction, which rendered it unfit for the included mouſc's reſpiration, I per- 
ceived, though with ſome difficulty, in this animal, the ſigns of his being in great dan- 
ger of ſudden death. Whereupon the outward air being haſtily let into the external re- 
ceiver, compreſſed the ſwelled bladder to its former dimenſions, and thereby the included 
air to its former denſity, by which means the fainting mouſe was quickly revived. Havin 
given him ſome convenient time of reſpite, the experiment was reiterated with the like 
fucceſs, and we doubted not, but the third trial we made would have ended as the two 
former did; but that, whilſt we were conſidering of the ſickneſs of the mouſe, which, 
by reaſon of ſome opacity that could ſcarce be avoided in the wrinkled bladder, was not 
as to its degree ſo eaſily taken notice of, it grew irrecoverable by the ſubſequent con- 
denſation of the air. | 

N. B. Tae confirmation of this by further experiments will properly fall under another 


title. 


TCC Lo - M08 
Of an unſucceſsful attempt to prevent the neceſſity of reſpiration by the production or growth 


of animals in our vacuum. | 


Havix had frequent occaſions to obſerve how quickly thoſe animals, whoſe blood 
is actually warm, did expire in our vacuum; and that even thoſe animals, with lungs, 
whole blood was actually cold, were not able to live any conſiderable time there; I 
thought it very well worth while, and yet extremely difficult, to try, whether there 
might not be ſome ways yet unpractiſed, either to make ſuch animals as nature endows 
with lungs, live without reſpiration, or at leaſt, to bring ſuch inſets, and other animals, 
as can alreacly live without air, to move alſo without it in our vacuum. | 

THEREFORE conſidering with myſelf what happens to infants and other young animals 
in the womb, and even after they come from thence, if they continue to be wrapped up 
in the ſecundines; though as ſoon as they are brought into the free air, they may be 
preſently killed by being kept from breathing; conſidering alſo, what I elſewhere relate 
of the low expiration of a very young kitling in our vacuum, together with the long 
want of reſpiration, which cuſtom enables ſome divers to endure z conſidering theſe 
things, I ſay, though I know that ſomewhat may be objefed to ſhew, that 15 in- 

ances 
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ſtances are not altogether full to my purpoſe ; yet they, among other things, invited 
me to think that the leaſt unlikely projects that occurred to my barren invention, would 
be theſe that follow. | 

FixsT, I thought fit to try whether the ſeeds of reſpiring animals might be either 
hatched or otherwiſe brought to produce young ones, in our vacuum. For, if that 
could be compaſſed, I ſhould obtain my end, 

NexT, in caſe of my failing in the former attempt, and that, which is to be after a 
few lines propoſed, I thought fit to try, whether, at leaſt, I could not bring the eggs of 
ines to hatch or be animated; or aurelias, as they call them, that were already alive, 
turn, according to the courſe of nature, into winged inſets, as flies, or butter-flies 
of which trials, and thoſe of the former ſort, the account properly belongs to another 
place, where I relate the ſucceſs of theſe and other attempts to produce plants and animals 
in our vacuum. | 5 | 

Bur thirdly, conſidering that nature has ſo ordered it, that frogs, though when they 
are grown big enough to deſerve that name, they be amphibious animals endowed with 
lungs; yet before they attain to that pitch, they Jive wholly in the water like fiſhes; I 
thought it the moſt expeditious and leaſt improbable attempt we could make, to try 
whether or no this animal, being as a fiſh brought to live, either in our vacuum, or at 
leaſt in highly rarefied air, would not continue to do ſo after its lungs ſhould be perfectly 


formed. Wherefore, though I foreſaw, and foretold the difficulty that would be met 


with in the proſecution of this experiment, namely, that the aerial bubbles that would 
be diſcloſed in ſuch ſoft bodies upon the withdrawing of the preſſure of the ambient air, 
would ſo violate the flight texture of thoſe tender animals, as to hinder them from living 


long, or moving freely ; yet I thought it very fit to attempt the trial, whereof I find 
this account among my adverſaria. 


EXPERIMENT I. 


Wes took a good company of tadpoles, and put them with a convenient quantity of 
water into a portable receiver of a round figure, and obſerved, that at the firſt exſuction 
of the air they did riſe to the top of the water, though moſt of them ſubſided again, till 


the next exſuction raiſed them. They ſeemed by their active and wrigling motion to be 


very diſcompoſed, The receiver being exhauſted, they continued reſtleſs, moving all 
of them in the top of the water; and though ſome of them ſeemed to endeavour to go 
to the bottom, and dived ſome part of the way, eſpecially with their heads, yet they 
were immediately buoyed up again. Within an hour or little more, they were all move- 
leſs, and lay floating on the water; wherefore I opened the receiver, upon which the air 


ruſhed in, and almoſt all of them (which were many) preſently funk to the bottom, but 
none of them recovered to lite. | 


EXPERIMENT Il. 


A LITTLE after theſe, we included a lefſer number of tapdoles in a ſmaller glaſs, 
Which was alſo exhauſted with the like circumitances with the former. And when I 
found the other tadpoles to be dead, I haſted to theſe, which did not, except perhaps 


he 4” ny ſign of life, but upon letting in the air, theſe having not been long kept 
OL, 141. 
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from it, ſome few of them did recover, and ſwam up and down lively enough for ſome 
time; though after a while they alſo died. 


EXPERIMENT Hr. 


Some years after I repeated the ſame experiment in a portable receiver of a convenient 
kind; and though after the exhauftion was perfected, the tadpoles did for a while move 
briſkly enough on the top of the water, none of them appearing able to dive or ſwim 
under water, yet coming to look on them at the end of an hour, they ſeemed to be all of 
them quite dead, yet continued floating. And though within half an hour after that, I let 
in the air upon them, yet all the effect of it was, that the moſt of them immediately ſunk 
to the bettom, as the reſt of them did a very little while after ; none of them, that | could 
obſerve, recovering any vital motion.. | 


EXPERIMENT IV. 


THERE remains an experiment, which I often judged as well more hopeful as more 
noble, if I could procure an opportunity to bring my deſign to a trial, which I have 
found it very difficult to do; nevertheleſs I was able to do it once, though not fully as I 


deſired, yet not altogether without ſucceſs. 


We procured then, and with much ado, ſome of thoſe odd inſects, which I elſewhere 
deſcribe, whereof gnats have by ſome ingenious men been obſerved to be generated about 
the end of Auguſt or beginning of September. Theſe, for ſome weeks, live altoge- 
ther in the water, as tadpoles do, ſwimming up and down therein till they are ripe for a 
tranſmigration into flies; which itſclf is ſo great a rarity in nature, as makes theſe little 
creatures recompence to our. curiolity the trouble they often give our faces and hands. 
Suppoſing then, that if I could get ſome of theſe, and include them, being of thoſe 
inſets they call aquatilia, and ſo minute as they are, they may live a great while in the 
receiver without air, and in the mean while attain the period, which, according to 
nature's courſe, is wont to turn them into flies, which might come forth winged crea- 
tures into a medium not furniſhed with common air, as others of their kind enjoy; ſup- 
poſing, I ſay, that theſe inſets would afford me ſome information about theſe particu- 
lars, having upcn much watching mer with four or five of them after a ſhower of rain, 
that dropp:d from a houſe into a veſſel laid on purpoſe for it, we included them with 


ſome of their water into a ſmall glaſs receiver, which being very exactly cloſed, we kept 


in a ſouth- window, where theſe little creatures continued to ſwim up and down for ſome 
few days, without ſeeming to be much incommodated by ſo unuſual an habitation ; and 
at the end of that t:me, and much about the ſame day, they diveſted the habit they had, 
whilſt they lived as fiſhes, and appeared with their exuviæ or caſt coats under their feet, 
and ſhewing themſelves to be perfect gnats, that ſtood without ſinking upon the ſurſace 
of the water, and diſcovered themſelves to be alive by their motion, when they were 
excited to it; but I could not perceive them to fly in that thin medium; to which in- 
ability whether the viſcoſity of the water might contribute, I know not, though they 


lived a pretty while, till hunger or cold deſtroyed them. Something in this experiment 


may deſerve ſerious reſlections; which I cannot ſpare time to offer at. 


4 
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A digreſſroe experiment, concerning the expanſion of blood and other animal juices, 


For ſome purpoſes, relating partly to reſpiration, and partly to other inquiries, I 
thought fit to endeavour to obtain what information could be procured, of the conſiſtence 
and diſpoſicion to expand itſelf of blood and other animal liquors.z in purſuance of which 
the enſuing trials, among others, were undertaken. 

Tus warm blood of a lamb or a ſheep, being taken as it was haſtily brought from 
the butcher's, where the fibres had been broken, to hinder the coagulation, was in a 
wide- mouthed glaſs put into a receiver, made ready for it; and the pump being early 
ſet on work, the air was diligently drawn out ; but the operation was not always, eſpe- 
cially at firſt, ſo early manifeſt, as the ſpirituouſneſs of the liquor made ſome expect; yet 
this hindered not, but, after a long expectation, the more ſubtle parts of the blood would 
begin to force their way through the more clammy ones, and ſeem to boil in large cluſters, 
ſome as big as great beans or nutmegs; and ſametimes, to the wonder of the by-ſtanding, 
phyſicians, the blood was ſo volatile, and the expanſion ſo vehement, that it boiled over 
the containing glaſs ; of which, when it was put in, it did not, by our eſtimate, fill above 
a quarter. Having alſo included ſome milk warm from the cow, in a cylindrical veſſel 
of about four or five inches high, though the operator were induced to pump a great 
while before any intumeſcence appeared in the milk, yet afterwards, when the externat 
air was fully withdrawn, the white liquor began to boil in a way that was not ſo eaſy to 
deſcribe, as pleaſant to behold ; and this it did for a pretty while with ſo much impe- 
tuoſity, that it threw up ſeveral parts of itſelf out of the wide-mouthed glaſs that con- 
tained it (and could have contained as much more) though there were not above two or 
three ounces of the liquor. | | | 

A ver greater diſpoſition to intumeſcence, we thought, we obſerved in the gall, which 
was but ſuitable to the viſcoſity of the texture. 


Nor, that the two foregoing experiments were made with an eye caſt upon the en- 


quiry that I thought might be made; whether, and how far the deſtructive operation of 
our engine upon the included animal might be imputed to this, that upon the with- 


drawing of the air, beſides the removal of What the air's preſence contributes to life, the 


little bubbles generated upon the abſence of the air in the blood, juices, and ſoft parts 
of the body, may by their vaſt number, and their conſpiring diſtenſion, variouſly 
ſtrengthen in ſome places, and ſtretch in others, the veſſcls, eſpecially the ſmaller ones, 
that convey the blood and nouriſhment z and ſo by choaking up ſome paſſiges, and vi- 
tating the figure of others, diſturb or hinder the due circulation of the blood; not to 


mention the pains that ſuch diſtenſions may cauſe in ſome nerves and membranous parts, | 


which, by irritating ſome of them into convulſions, may haſten the death of animals and 
deſtroy them ſooner, by occaſion of that irritation, than they would be deſtroyed by 
| tie bire abſence or loſs of what the air is neceſſary to ſupply them with. And to 
ſhew, how this production of bubbles reaches, even to very minute parts of the body, I 
ſhall add on this occalion, hoping, that I have not prevented myſelf or any other, what 
may ſcem ſomewhat ſtrange, what I once obſerved in a viper, furiouſly tortured in our 
exh1uſted receiver, namely, that it had manifeſtly a conſpicuous bubble moving to and 
tro in the wateriſh humour of one of its eyes. 
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Of the power of aſſuefuction to enable animals to hold out in air, by rarefafiton made unfit 
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Another digreſtve experiment belonging to the ſame title. 


To ſhew, that not only the blood and liquors, but alſo the other ſoft parts, even in 
cold animals, have atrial particles latitant in them; we took the livers and heart of an 
eel, as alſo the head and body of another ffh of the fame kind, cut aſunder croſs ways 
ſomewhat beneath the heart ; and putting them into a receiver, upon the withdrawing of 
the air we perceived that the liver did manifeſtly ſwell every way, and that both the 
upper and lower parts did ſo likewiſe z and at the place where the diviſion had been 
made, there came out in each portion of the fiſh divers bubbles, ſeveral of which ſeemed 
to come from the medulla ſpinalis, or the cavity of the back-bone, or the adjoining parts; 
and the external air being let in both the portions of the eel preſently ſhrunk, ſome of 
the ſkins ſeeming to be grown empty or flaccid in each of them. 


TFT LBB IN. 


for reſpiration. 


„Tux power of aſſuefaction in other caſes, made me think it very well worth trying 
& what it would do in reſpiration; and the rather, becauſe I preſumed it might prove 
* an experiment of good uſe, if we ſhould diſcover, that by a gradual accuſtomance an 
animal may be brought to live, either in a much thinner air, or much longer in the 
* ſame air, than at firſt he could. But in regard, that to make ſuch a trial perſpicuouſly 
* enough, the opacity of the bladder made ufe of in the former title was like to be an. 
« impediment, I deviſed another way to obviate that inconvenience, which may, IL. 


<< hope, be competently underſtood by the heedful peruſal of the following trials.“ 


EXPERIMENT I. 


We included in a round phial with a wide neck (the whole glaſs being capable of 
containing about 8 ounces of water) a young and fmall mouſe, and then tied ſtrongly. 
upon the upper part of the glaſs's neck a fine thin bladder, out of which the air had 
been carefully expreſſed, and then conveyed this phantaſtical veſſel into a middle-ſized 
receiver, in which we alſo placed a mercurial. gage (adjuſted by our elſewhere mentioned 
ſtandard) this done, the air was by degrees pumped out, until it appeared by the gage, 
that there remained but a fourth part in the external receiver (as for diſtinction ſake I 
call it) whereupon the air in the internal receiver expanding itſelf, appeared to have 
blown the bladder almoſt half full, and the mouſe ſeeming very ill at eaſe by his leaping, 
and otherwiſe endeavouring to paſs out at the neck of his unealy priſon z we did, for fear 
the over thin air would diſpatch him, let the air flow into the external receiver, whereby 
the bladder being compreſſed, and the air in the phial reduced to its former denſity, the 
little animal quickly recovered, | 


EXPE: 
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EXPERIMENT II. 


A wHILE after, without removing the bladder, the experiment was repeated, and the 
air, by the help of the gage was reduced to its former degree of rarefaction, and the 
mouſe, after ſome fruitleſs endeavours to get out of the glaſs, was kept in that thin air 
for full 4 minutes; at the end of which he appeared fo ſick, that, to prevent his dying 
immediately, we removed the external, and took out the internal receiver; whereupon, 
though he recovered, yet it was not without much difficulty, being unable to ſtand any. 
longer upon his feet, and for a great while after continued manifeſtly trembling, | 


EXPERIMENT III. 


Bur having ſuffered him to reſt a reaſonable ſpace of time, preſuming, that aſſue- 
fa tion had accuſtomed him to greater hardſhips; we conveyed him again into the exter- 
nal receiver, and having brought the air to the former degree of expanſion, we were 
able to keep him there for a full quarter of an hour; though the external receiver did 
not at all conſiderably leak; as appeared, both by the mercurial gage, and by the con- 
tinuing diſtenſion of the bladder. And it is worth noting, that, till near the latter end 
of the quarter of an hour, not only the animal did ſcarce at all appear diſtreſſ-d, re- 
maining {till very quiet; but, which is more, whereas when he was put in, the trem-- 
bling formerly mentioned were yet upon him, and continued ſo for ſome time; yet after- 
wards, in ſpite of the expanſion of the air he was then in, they left him early enough. 
And when the internal receiver was taken out, he did not only. recover from his faint- 
ing fit ſooner than before; but eſcaped thoſe ſubſequent tremblings we have mentioned. 


o 


EXPERIMENT IV. 


Ex cou RAGED by this ſucceſs, after we allowed him ſome time to recollect his ſtrength,, 
we reconveyed him and the odd veſſel, wherein he was included, into the former receiver, 
and pumped out the air, till the mercury in the gage was not only drawn down as low. 
as formerly, but near half an inch lower, that there the air might be yet further expand- 
ed than hitherto it had been. And though this did at firſt ſeem to diſcompoſe our 
little beaſt; yet after awhile he grew very quiet, and continued fo for a full quarter of 
an hour; when being delirous to try what operation a. farther rarefaction of the air 
would have upon him, we cauſed three exſuctions more to be made by the pump, be- 
lore we diſcovered him to be in manifeſt danger (at which time the bladder appeared 
much fuller. than before) but then we were obliged to let the air into the outward recci- 
ver; whereupon the moule was more ſpeedily revived than one would have ſuſpected. 

AxD thele trials of the power of aſſuefaction ſeemed the more conliderable, becauſe 
the air, in which the mouſe had all this while lived, had been clogged and infected with 
the excrementitious efluviums of his body; for it was the ſame all along, we having 
purpotely forborn to take off the bladder, whoſe regular intumeſcencies and ſhrinkings- 
luthciently manifeſted, that the veſſel, whereof it was a. part, vid not leak. 
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Pneumatical Experiments about Reſpiration, 


POSTSCRIPT. 


*« Trovcn the ſucceſs of the recited experiments is very promiſing ; yet a ſubſequent 
trial or two, whoſe particularitics are ſlipped out of my memory, oblige me in point 
of candour, to declare, that for further ſatisfaction, the trials of the power of accuſ- 


romance, in reference to air unfit for reſpiration, ought to be both reiterated, and 
to be made in differing ſorts of animals.“ 


«c 
cc 
cc 


I. 


Some experiments ſbewing, that air, become unfit for reſpiration, may retain its wonted 
_— preſſure. 


EXPERIMEN T I. 


Ws tock a mouſe of an ordinary ſize, having (not without ſome difficulty) conveyed 
him into an oval glaſs, fitted with a ſomewhat long and conſiderably broad neck, which 
we had provided, that it might be wide enough to admit a mouſe in ſpite of his ſtrug- 
gling. We conveyed in after him a mercurial gage, in which we had diligently obſerved, 
and marked the ſtation of the mercury, and which was ſo faſtened to a wire, reaching 
to the bottom of the oval glaſs, that the gage, remaining in the neck, was not in danger 
to be broken by the motions of the mouſe in the oval part; the upper part of the long 
neck of the glaſs was, notwithſtanding the wideneſs of it, hermetically ſealed by the help 
of a lamp and a pair of bellows, that we might be ſure that the impriſoned animal 
ſhould breathe no other air than that which filled the receiver at the time when it was 
nipped up. This done, the mouſe was watched from time to time; and though by 
reaſon of the largeneſs of the veſſel, in compariſon of ſo ſmall an animal, he ſeemed 
to me rather drooping, than very near death at the end of the ſecond hour; yet coming 
to look upon him about half an hour after, he was judged by the ſpeftaters quite dead, 
notwithſtanding our ſhaking of the veſſel to rouze him up. This made me caſt my eyes 
upon the gage, wherein I could not perceive any ſenſible change of the mercury's ſtation. 
But being unwilling to give over the mouſe, without trying what freſh air would do to 
recover him, I cauſed the ſealed part of the glaſs to be broken off, and, notwithſtanding 
that his continuing to appear dead increaſed the confidence of thoſe that thought him lo, 1 


obtained after a while ſome faint tokens of life; though I am not ſure that they would 


have continued in a veſſel, where the air was fo clogged and infected, if it had not been 
that freſh air was frequently blown in by a pair of bellows, whoſe noſe was inſerted into 
the neck of the glaſs. This freſh air ſeemed evidently, though but ſlowly, to revive the 
gaſping animal, whom I would not nor could not conveniently take out of the glals, till 
he had gained ſtrength enough to make uſe of its legs; after which, without breaking 
of the glaſs (which I was loath to loſe, having then no other of the kind) we took 
him out, and found him quickly able to go up and down. After which ſervice, and 


another trial we had with him, which belongs not to this place, we ſet him at liberty to 
ſhift for himſclf. | EA | 
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Pmeumatical Experiments about Reſpiration. 


EXPERIMEN T Il. 


Sven an experiment as the former we made with like ſucceſs upon a ſmall bird in- 
cluded with a gage in a receiver holding about a quart of water. 'The bird in about 
half an hour appeared to be ſick and drooping, and the faintneſs and difficulty of breath- 
ing increaſed for about two hours and a halt after that, at which time the animal d.ed, 
the gage being not ſenſibly altered, unleſs perhaps the mercury appeared to be impelled 
up a little thort higher than it was when put in; which yet might well enough proceed 
from ſome accidental cauſe. 


EXPERIMENT III. 


To ſatisfy ſome curious perſons, that it is not want of coldneſs, but ſomething elſe 
in the included air that makes it deſtroy the birds. that are pent up in it, and by the hot 
exhalations that ſteam from their bodies, may be ſuppoſed to overwarm it, we made the 
following experiment, 

In a glaſs-phial, capacious enough to hold about three quarts of water, we not only. 
included, but for greater accuracy, hermetically ſealed up a ſmall bird, and found, that 
in a few minutes he began to be ſick and pant ; which ſymptoms I ſuffered to continue 
and increaſe againſt the mind of a learned by-ſtander (who thought the animal would 
not hold out ſo long) till they had laſted juſt half an hour; at which time, having pro- 
vided a veſſel of water with ſal armoniack, newly put into it, to refrigerate it (according 
to the way I elſewhere publiſhed); and the liquor thus made exceeding cold, ſomewhat 
to the wonder of thoſe that felt it; the phial, with the ſick bird, was immerſed in it, 
and kept there in that condition for ſix: minutes; and yet it did not appear, in the judg- 
ment of the by-ſtanders, that the great refrigeration, that muſt be this way procured to 
the impriſoned air, did ſenſibly revive or retreſh the drooping animal, who manifeſtly 
continued to pant exceedingly as before, and, as ſome affirmed, more; ſo that this re- 
medy proving ineffectual, the phial was removed out of the water, and the bird ſome 
time after did, as I foretold, make many ſtrains to vomit (though ſhe brought up little) 
followed by evacuations downward, before ſhe quite expired, which ſhe did within a. 
minute or two of a juſt hour, after the beginning of her impriſonment. 

Ir I had been able (which I was not) to procure more birds, I would willingly have 
ptoſecuted this experiment by ſeveral other, not unhopeful trials, which for want of ſub- 
Jjects I was fain to leave only deſigned. 


8 
Of the uſe of the air to elevate the ſteams of bodies. 


Is the digreſſion about reſpiration annexed to the 4 1ſt of our Phyſico-mechanical Ex- 
periments formerly publiſhed, it is propoſed as one of the conſiderable uſes of the air in 
reſpiration, that, being drawn into the lungs, it ſerves to carry off with it, when it is 
breathed out again, the recrementitious ſteams that are ſeparated from the mais of blood 
in its paſſage through the lungs; from which fuliginous excrements, if the blood were 
not continually freed by the help of the air, after nature had been accuſtomed to t}: c 


Wa7 


Pneumatical Experiments about Reſpiration: 


way of diſcharging them, their ſtay in the body might have very great and deſtructive j 4 


operations on it. 


Fox the illuſtration of this uſe of the air, I ſhall now ſubjoin the following experi "A 


ment. 

Wr made by diſtillation a blood- red liquor, which chiefly conſiſted of ſuch ſaline and 
ſpiricuous particles as may be obtained from the maſs of blood in human bodies; this 
liquor is of ſuch a nature, that if a glaſs phial, about half filled with it, be kept well 


* 


ſtopped, the red liquor will reſt as quietly as any ordinary one, without ſending up any 


ſmoke or viſible exhalation; but if the phial be unſtopped, fo that the external air be per- 
mitted to come in and touch the ſurface of the liquor, within a quarter of a minute or 


leſs, there will, upon this contact, be elevated a copious white ſmoke, which will not | 


only fill the upper part of the glaſs,” but plentifully paſs out into the open air, till the 
phial be again ſtopped. 3 | 

My purpoſe in this tract to forbear ſidings in controverſies keeps me from taking no- 
tice of the ſpeculations ſuggeſted by ſome of the phænomena of this liquor; which yet [ 
thought I might lawfully mention, as far as I have done it, becauſe it but adventures 
upon giving one of the uſes rather of the air, than immediately of reſpiration itſelf ; and 
is brought but to illuſtrate what I have not found denied by any, though conſidered by 
very few; namely, the office of the air to carry off in expiration the fuliginous ſteams 
of the lungs. For in our experiment we manifeſtly ſee, that the very contact of the air 
may give the corpuſcles of moiſt bodies a peculiar volatility or facility to emerge in the 
form of ſteams. I know, there are ſome corroſive ſpirits, as in nitre and falt, fimple, or 
compounded of them, that, when they are very ſtrong, emit for a while manifeſt fumes, 
but the difference of thoſe liquors, and their inferiority to our red ſpirit, in the capacity 
of ſmoking liquors, might eaſily enough be manifeſted, if it were judged proper in this 
place, where it may ſuffice to take notice of theſe two things. The one is, that when 
the phial has lain ſtopped and quiet a competent time, the upper half of it will appear 
deftitute of fumes, of which the air, it ſeems, will imbibe, and conftantly retain but 
a certain moderate quantity; which may give ſome light towards the reaſon, why the 
fame air, which will be quite clogged with ſteams, will not long ſerve for reſpiration, 
which requires frequent ſupplies of treſh air. The other is, that if the unſtopped phial 
were placcd in our vacuum, it would not emit any viſible ſteams at all, nor ſo much as 
to appear in the upper part of the glaſs itſelf that held the liquor; whereas, when the 
air was by degrees reſtored at the ſtop-cock, without moving the receiver itſelf, to avoid 
injuring its cloſeneſs, the returning air would preſently raiſe the fumes, firſt into the va- 
cant part of the phial, whence they would aſcend into the capacity of the receiver; and 
likewiſe, when the air that was requiſite to ſupport them was pumped out, they allo 
accompanied it, as their unpleaſant ſmell evinced, and the red ſpirit, though it remained 
unſtopped, emitted no more ſumes till the new air was let in. 

Ox may compare with this liquor another ſmoking one, mentioned in the 29th of 
the G:{t publiſhed pneumatical experiments, where an experiment is related of it, that 
has ſomething in common with this, and may ſo far ſerve to confirm what is row deli- 
vered, as this alſo has ſome things additional to that; beſides that, that liquor being 
made with ingredients corroſive, and of a bad name among chemiſts themſelves, the 
fumes that proceed from it may fright many from daring to meddle with it, whereas 
this our red ſpirit has been found potently medicinal for ſome diſtempers of the lungs, 
by a doctor of phyſick, whom 1 deſired to try it. The other phænomena of this liquor 
I ſhall not ſtay to deſcribe, as not belonging to this place; and the liquor itſelf, with 
very little variation, I have, in the Hiſtory of Colours, communicated. 1711 
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T1 IT L E XVI. 


Of the long continuance of a ſlow-worm and a leach alive, in the vacuum made by our 


In the often cited digreſſion about reſpiration, there is mention made of the great vi- 
vaciouſneſs of houſe-ſnails, as they call them, and how little operation the withdrawin 
of the air had upon them in compariſon of what it is wont to have on other animals. 
I ſhall now add by way of confirmation, that I made trial upon ordinary white ſnails, 
without ſhells, whereof two of differing ſizes (the biggeſt about an inch and a half, and 
the other about an inch in length) were included in a ſmall portable receiver, which being 
carefully exhauſted, and ſecured againſt the return of the air, was attentively conſidered 
by me, preſently after it was removed from the engine ; whereby it was eaſy to diſcern, 
that both the ſnails thruſt out and retracted their horns (as they are commonly called) at 
pleaſure, though their bodies had in the ſofter places pretty ſtore of newly generated 
bubbles ſticking to them; but though they did not loſe their motion near ſo ſoon, as 
other animals were in our vacuum wont to do; yet coming to look on them after ſome 
hours, they appeared moveleſs and very tumid, and at the end of twelve hours, the 
inward parts 6f their bodies ſeemed to be almoſt vaniſhed, and they ſeemed to be but a 
couple of ſmall full-blown bladders; and on the letting in of the air they immediately ſo 
ſhrunk, as if the bladders having been pricked, the receding air had left behind it nothing 
but fkins ; nor did either of the ſnails afterwards, though kept many hours, give any 
ſigns of life. 


Ueon a ſuppoſition, that the cold and clammy conſtitution of ſnails might be a main 
cauſe of their being able to endure the abſence of the air ſo well, I thought it worth 


trial, whether effs and leaches might not yet be more able to continue in our vacuum 
than a ſnail; and accordingly ſome experiments were made purſuant to that curioſity 
the moſt fully regiſtered whereof are theſe that follow. 


EXPERIMENT I 


Ws included in a receiver, whoſe globular part was about the bigneſs of a large orange, 
one of that ſort of animals, that they vulgarly call effs: having withdrawn, but not ſo— 
licitouſly, the air, and ſecured the veſſel againſt the unpermitted return of it, we kept 
him there about eight- and- forty hours, during all which time he continued alive, but 
appeared ſomewhat ſwelled in his belly; his under-chap moving the very firſt night, 
but not the day and night following. By opening the receiver at length under water, 
we perceived, that about half the air had been drawn out. As ſoon as the water was 
impelled into the glaſs, the animal, that was before dull and torpid, ſeemed, by very 
mimble and extravagant motions, to be ſtrangely revive. 


EN FER 1 ME NT 


Wes took a leach that was of a moderate bigneſs, or ſomewhat ſhort of it; and having 
included it, together with ſome water, in a portable receiver that was gucſſeꝗ to be capable 
Ot holding about 10 or 12 ounces of that liquor, the air was pumped out alter the uſual 
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manner, and the receiver being removed to a lightſome place, we obſerved, as we ex- 


having divided it into two parts, we put them into like reccivers, and in one of them 


Pneumatical Experiments about Reſpiration. 


pected, that the leach keeping himſelf under water, there emerged, from divers parts 
of her body, ſtore of bubbles, ſome of them in a diſperſed way, but others in rows or 
files, if 1 may ſo ſpeak, that ſeemed to come from determinate points. Though this 
production of bubbles laſted a pretty while, yet the leach did not ſeem to be very much 
diſcompoſed by her preſent condition. This done, we diſpoſed of the receiver, which 
was well ſecured from the ingreſs of the outward air, into a quiet place, where we daily 
viſited it once at leaſt, or oftener, as there was occaſion ; and found the leach ſomewhat 
faſtened by her tail to that part of the glaſs that was under water, and ſometimes wan. . 
dering about that part which was quite above water; and ſtill, when we endeavoured 
to excite her, ſhe quickly manifeſted herſelf to be alive; and indeed (which will be 
thought ſtrange) appeared ſo lively after the full expiration of five natural days, that ex- 
pecting ſomething might have happened to the receiver, and thereupon reſolving to try 
how ſtanch it had continued, I opened it under water, by which means the outward air 
impelled in ſo much of that liquor, that 1 was fatisfied, the receiver was immediately 


before as well exhauſted, as others are wont to be in our pneumatical experiments. 


TT. 1, KAVA. 


Of what happened to ſome creeping inſets in our vacuum. 


| NoTwtiTHsSTANDING the great variety of reptiles, that nature does almoſt every where 
produce; yet the inconvenient time and place, wherein the following trials were made, 
ſupplied me with ſo few, that about thoſe animals I find among my adverlaria, no more 


than the enſuing notes. 


EXPERIMENT I. 


We took five or ſix caterpillars of the ſame ſort; but I could not tell, to what ulti- 
mate ſpecies the writers about inſects referred them. Theſe being put into a ſeparable 
receiver of a moderate ſize, had the air drawn away from them, and carefully kept 
from returning. But notwithſtanding this deprivation of air, I found them about an hour 
after moving to and fro in the receiver; and even above two hours after that, I could, 
by ſhaking the veſſel, excite in them ſome motions that I did not ſuſpe& to be convul- 
ſive: but looking upon them again ſome time before I was to go to bed (which may be 
was about 10 hours after they were firſt included) they ſeemed to be quite dead; and 
though the air were forthwith reſtored to them, they continued to appear fo until I went 
to bed; yet, for reaſons elſewhere expreſſed, I thought fir to try, whether time might not 
at length recover them, and leaving them all night in the receiver, I found the next 


day, that three, if noc four of them, were perfectly alive. 


EXPERIMENT I. 


We took from an hedge a branch that had a large cobweb of caterpillars in it ; and 


ſhut 


ſhut up the caterpillars together with the air, which from the other was exhauſted. The 
event was, that in that, which had the air, the little and difficultly viſible inſets, after 
a ſmall time, appeared to move up and down as before, and ſo continued to do for a 
day or two; after which, other occaſions made the experiment to be neglected; whereas 
that glaſs, whence the air had been drawn out, and continued kept out, fhewed after a 
very little while no motion, that we could perceive. But to try, whether caterpillars 
may continue ſo far alive in our vacuum all the winter, as the next ſpring or ſummer, 
to proceed in the tranſmigration to a butterfly, is a trial, that we have but begun, and 
therefore muſt not pretend to ſay any thing about its event. | 


TI 


Of the phenomena ſuggeſted by winged inſects in our vacuum. 
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Wurx our Phyſico- mechanical Experiments were diſpatched to the preſs, the incon- 
venient ſeaſon of the year, and the difficulty of making the receivers 1 then employed 
to keep out the air. for any long time, hindered me from then publiſhing above a trial 
or two of what will happen to winged inſects in our vacuum. But afterwards being pro- 
vided of more commodious veſſels, I thought fit at ſeveral times to repair that omiſſion 
by various attempts, whereof the chief enſue. 


EXFERIMEN:TTL 


THERE were taken four middle-fized fleſh-flies, which having their heads cut off, were Nov. 12. 
incloſed in a portable receiver, furniſhed with a pretty large pipe, and a bubble at the abu -& a 
end. As ſoon as the receivers were exhauſted, thoſe flies loſt their motion, which was — _ 
not briſk before; an hour or two after, 1 approached them to the fire, which reſtored K 

not their motion to them (but as to one of them, I ſuſpect it had a languid motion for 

a while) wherefore I let in the air upon them, after which, in a very ſhort time (though 

not immediately) they began one after another to move their legs, and one or two of 

them to walk ; and having kept them all night in a warm place, when I ſent one the 

next morning to try, if they would manifeſt any motion, he told me, that for a while 

oy did, though when I afterwards roſe mylelt, I could not perceive any motion in 

them. 


EXPERIMENT II. 


ABOUT noon we cloſed up divers ordinary flies, and a bee or waſp; all which, when Sep- 11. 
the air was fully withdrawn, lay as dead, fave that for a few minutes ſome of them had 
convulſive motions in their legs. They continued in this ſtate 48 hours, after which, 
the air was let in upon them, and that not producing any ſigns of life in them, they 
were laid in the meridian ſan, but not any of them ſeemed in any degree to recover, 
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Dec. 11, 


April 15. 
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EXPERIMENT II 


Wr put a great fleſn fly into a very ſmall portable receiver, where, at firſt, it appeared 
to be very briſk and lively, but as ſoon as the air was drawn out, fell on his back, and 
ſeemed to have convulſive motions in her feet and proboſcis; from whence ſhe preſently 
recovered upon the letting in of the air, which being drawn out again, ſhe lay as dead; 
but a while after (within a quarter or half an hour) I perceived, that upon fhaking the 
receiver, ſhe ſtirred up and down, but faintly. This was done pretty late yeſternight, 
ſince when I had not occaſion to look on the glaſs, till this night after ſupper, when 
I found the fly not (whilſt I ſtaid to endeavour it) to be recovered either by warmth, or 
letting in the air. A while after this note was written, this fly recovered ; and being 
next morning ſealed up again in that glaſs, and kept 48 hours, though over the chim- 
ney, died for good and all. | 


EXPERIMENT IV. 


Wr took a large graſhopper, whoſe body, beſides the horns and limbs, was about an 
inch in length, and of a great thickneſs in proportion to that length; this we conveyed 
into a ese receiver of an oval form, and capable of holding, by our gueſs, about a 
pint of water and more; and having afterwards pumped out the air, till by the gage it 
appeared to have been pretty well drawn out, we took care, no air ſhould re-enter to 
diſturb the experiment. The ſucceſs whereof was this; firſt, though, before the exhauſ- 
tion of the air was begun, the graſhopper was ſtirring, and lively, and continued fo for 
a while after the beginning of the operation; yet, when the air began to be conſiderably 
rarefied, he appeared to be very ill at eaſe, and ſeemed to ſweat out of the abdomen 
many little drops of liquor, which being united, trickled down the glaſs like a little 
ſtream, which made at the bottom a ſmall pool of clear liquor, amounting to near a 
quarter of a ſpoonful, and by that time the receiver was ready to be taken off, the 
graſhopper was fallen upon his back and lay as dead. Secondly, though having a little 
after laid the glaſs in a ſouth window, on which the ſun then ſhone, I perceived ſome 
Now motions in the thorax, as if he ſtrained to fetch breath; yet I was not ſure they 
were not convulſive motions, and whatever they were, they laſted but a while, and then 
the animal appeared to be quite dead, and to continue ſo for three hours from the removal 
of the receiver. Thirdly, that time being expired, the glaſs was opened, and the air let 
in upon him; notwithſtanding which there appeared no ſign at all of life; but imagining 
there might be ſome time requiſite to recover him out of ſo deep a ſwoon, I let the glaſs 
reſt in a convenient poſture, that the water that came from him might not endanger 
him, for a quarter or half an hour; and though I then perceived no ſigns of lite, yet 
being deſirous to purſue the trial yet further, I cauſed hin to be carried into a ſun-ſhiny 
place, where the beams of a declining ſun preſently began to make him ſtir his limbs, 
and, in a ſhort time, brought him pertectly to life again, 


ERPERIMENT' V. 


We took one of thoſe ſhining beetles they call roſe-flies, and having included it in a 


very imall round receiver, which we cxhauſted ; and though he that attended the engine, 
athrmed, 
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affirmed, it ſtruggled much whilſt the air was withdrawing, yet preſently after I could 

rceive but little motion, and part of that ſeemed almoſt convulſive; and afterward 
going abroad, and not returning to look on the glaſs till about fix hours after, the fly 
ſeemed quite dead, and diſcovered not any motion upon that of the glaſs. And within 
about an hour after, though I let the air ruſh in, yet no ſign of life enſued, neither im- 
mediatcly, nor for a pretty while after. So that ſuſpecting the fly to be really dead, and 
yet not reſolucely concluding it, though I would then wait no longer, yet three or four 
hours after (viz. about 10 of the clock at night) I returned to the receiver, and found 
the beetle liv-ly enough. Whereupon I cauſed the glaſs to be again exhauſted, and 
ſecured tiom the ingre!s of the air, during which time the animal ſeemed to be much 
diſquieted by what was done to it, but did not loſe its motion before I went to bed, 
which was ſoon after, 


EATERIMEN:I: Vi; 


Azour butterflies, I remember, I made ſeveral trials, moſt of which chanced to be 
loſt ; but thus much I very well remember, that having obſcrved them not only to live, 
but to move longer than was expected, I choſe to include divers of them in receivers 
ſomewhat large, cſ >ecially that I might ſee, whether in ſo thin a medium ſome or other 
of them, by the help of their large wings, would be able to fly. But though, whilſt 
the air continued in the glaſſes, they flew actively, as well as freely, up and down; 
and though after the exhauſtion of the air, they continued to live, and were not move- 
leſs; nay, though at the bottom of the receiver they would even move their wings, and 
alittle flutter, yet J could not perceive any of them to fly, by which I mean, perform 


any progreſſive motion, ſupported by the medium only. And by frequently inverting 


the receiver (Which I took care ſhould be pretty long, to let them fall from one extreme 
to the other) they would fall like dead animals without diſplaying their wings, though 
jult as they came to touch the bottom, ſome of them would ſometimes ſcem to make 
ſome ule of them, but not enough to ſuſtain themſelves, or to keep their falls from being 
ruce enough, 


T4712 Ix, 


Of the neceſſity of air to the motion of ſuch ſmall creatures, as ants, and even mites tbemſelves. 


** In the experiments hitherto mentioned, the animals, on which the trials have ben 
“made, were divers of them of a moderate bulk; and others of them, though ſmall, 
** yet not of the leaſt ſizes that nature afforded us. W herctore I thought fit to annex the 
tollowing experiments, wherein I defigned to examine. whether even thoſe minute 
forts of animals, whoſe bulk is thought the moſt contemptible, have not, as well as 
the greater, need of the air, if not to make them hve, yet at leaſt to enable them to 
move.“ . | | 
A PRETTY number of ants were included in a ſmall portable receiver exhauſted yeſt r- 
day about noon : between fix and ſeven in the afternoon, they ſeemed to be all quite 
dead, and the rather, becauſe, though they were very lively juſt betore they were tcaled 
up, running briſkly up and down the bubble they were in; yet they grew almoſt move- 
leſs as ſoon as the air was exhauſted; and a little while after appeared more ſo; _— 

then 
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I then ſuſpected more than I ſince did, that they were much inconvenienced by ſome 
ſmall glutinous ſubſtance that ſeemed to have got into the ſmall receiver from the vapours 
of the cement. When I looked on them at the time lately mentioned, I opened the 
glaſs, whereupon the air ruſhed in; but no ſign of life appeared for a great while in any 
of the ants ; -but looking upon them this morning about 9 a clock, I found many of 
them alive, and moving to and fro. 

I is faid by naturaliſts upon the authority of Ariſtotle, that the animal, the Greeks 
« call &, is the minuteſt of living creatures. But thoſe of this ſort being very hard, 
« if at all to be met with here, I thought fit to make ſome experiments upon the leaſt 
of the terreſtrial animals I could procure, and try, whether or no mites themſelves, 
* which are reputed but living points, and not to be taken notice of by the naked eye 
e to be living, but by motions, which even an attentive one can ſcarce diſcover, ſtand 
„ in need of the air; eſpecially, becauſe, in caſe they do, it may ſuggelt to us ſome odd 
« reflections upon the ſtrange ſubtilty and minuteneſs of the aerial particles, which muſt 
© be capable of flowing in, and paſſing out, at the inviſible and almoſt in-imaginable 
„ ſmall pores, and other cavities of the parts of an animal, whoſe entire body is reputed 
«+ but a phyſical point.“ 

We conveyed then a pretty number of mites, together with the mouldy cheeſe they 
were bred in to nouriſh them, into three or four portable receivers (which were all of 
them very ſmall) not much differing in ſize. From all of theſe, ſave one, we withdrew 
the air; and then, making uſe of our peculiar contrivance to hinder its return, we took 
them one after another from the engine, and laid them by, for further obſervation. That 
one, which I took notice that we had reſerved, and, in which, to obſerve the difference, 
we thought fit to leave the air, was fealed at a lamp-furnace, after the uſual manner of 
nipping up glaſſes there. This done, there remained nothing but to obſerve the event 
of our trials, which afforded us the enſuing phenomena, 

1. THosE mites that were incloſed in the ſmall glaſs, that never came near the engine, 
continued alive, and able to walk up and down for a full week after they had been put 
in; and poſſibly would have continued much longer, if the glaſs had not been acciden- 
taily broken, 

2. As ſoon as ever one of the receivers was removed from the engine, I looked with 
great attention upon it, and though juſt before the withdrawing the air, the mites were 
{een to move up and down in it; yet, within a few minutes after, the receiver was ap- 
plied to the engine, I could diſcern in them no life at all, nor was any perceived by 
ſome younger eyes than mine, whereunto I expoled them. Nay, by the help of a 
double convex-glaſs (that was ſo ſet in a frame, as to ſerve me as a microſcope on ſuch 
occalions) I was not able to ſee any of them ſtir up and Cown. Nor was any motion 
taken notice of in the other ſmall receiver of like bignefs and ſhape with mine, by them 
that had exhauſted it of air. And my occaſions not permitting me to attend the obſer- 
vation any longer in the place where it was made, I took the receiver, I had ſo atten- 
tively conſidered myſelf, along with me in the coach; and having occafion to make ſome 
ſtay, ahout an hour after ] looked upon it attentively again, but could not perceive any 


Of the mites to (tir; and the like unſucceſsful obſervation I made, when I had a conve- 


nicncy, tuo or three hours after that. And the place I did it in, being one, where I 
tought myſelf, as it were, at home, I firſt let in the air, to try if the mites were not 
quite dead; and though neither upon its ruſhing in, nor during my ſtay there, I could 
perceive any of them to ſtir; yet I left the receiver unſtopped, as it was in the window, 
upon a ſuſpicion, that the air might not be able to produce its operation upon them in a 
mort time. 5 N | 

3. AND 
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2, Anp therefore paſſing by the ſame place about two or three days after, I called in 
to lool upon my receiver, and found a number of my little animals revived, as an atten- 
tive eye might cafily perceive by the motion of certain little white ſpecks, when it was 
helped to obſerve it by little marks I made on the outſide of the glaſs (which was pur- 
polcly choſen thin and clear) near this or that mite, with a diamond; by the approach to, 
or receſs from which marks, the progreſſive motion became (perhaps within a minute) 
plainly diſcoverable ; eſpecially, if we uſed. the following expedient (which I found the 
- beſt of thoſe I tried) namely, that when the eye perceived little white ſpecks that looked 
like mites, the receiver ſhould be ſo turned and returned, that the bellies and feet of thoſe 
little creatures were uppermoſt; notwithſtanding which, they would not eaſily drop down, 
but continue their motion; which ſpecks being made upon the concave ſurface of the thin 
glaſs itſeif (to which you may approach your eye as much as you pleaſe) are thereby 
rendered much more eaſily viſible. But, this being only intimated upon the by, I pro- 
ceed to take notice, that in the newly mentioned receiver, the mites cid, by ſtirring up 
and down, continue to appear alive for two or three days after, if not longer. I ſhould 
not, I confeſs, have thought it ridiculous to ſuſpect, that the mites, which at firſt loſt 
their motion, did at laſt really die; and that thoſe I after ſaw ſtirring up and Cown, were 
others newly generated in the included mouldy cheeſe ; but I was not apt to think this 
ſuſpicion probable, not only becauſe of the extreme difficulty of making any living crea- 
ture to be generated in Vacuo Boyliano, but becauſe it did not ſeem agreeable to what I 
elſewhere noted, about the way and time of the propagation of mites, whoſe eggs I have 
divers times obſerved with pleaſure, that at a ſeaſon of the year that was not favourable 
(for theſe things happened in a cold March) newly generated mites ſhould in two or 
three days grow up to their juſt bigneſs, which ſeveral of thoſe we obſerved, ſcemed to 
have attained, 

4. Bur, becauſe it doth not by the third phænomena appear, whether or no, in caſe 
our mites had been kept in a moveleſs ſtate for a much conſiderabler time than three or 
tour hours, they would have been recoverable by the admiſſion of the air; I ſhall add, 
to ſatisfy that doubt, that one of the portable receivers above-mentioned, being exhauſted, 
and carefully ſecured from the regreſs of the air, was kept from Monday. morning to 
Thurſday morning: after all which time, our attentive eyes being unable to diſcover 
any ſigns of life among the included mites, the air was let in upon them, and after no 
long time, had ſuch an operation upon them, that both I and others could plainly {ce 
them creep up and down in the glaſles again. 
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HEREAS the preface of the noble author to this ſecond tome of the uſefulneſs 

ot experimental philoſophy, was written with deſign it ſhould come forth a year 
or two before the laſt, it is fit, that ſomething be now added about the preſent publi- 
ation. 

FirsT, if enquiry be made, why the eſſays, that now come abroad, are not accom- 
panied with thoſe others, that, according to the ſorts of the titles, ſhould precede ſome of 
them; he repreſents, that it was not thought fir, that thoſe, that are now publiſhed, 
having no neceſſary dependence on the reſt, and being ſufficiently intelligible without 
them, ſhould ſtay for diſcourſes, that are not at preſent ready, and perhaps will not 
ſuddenly be fo; partly, in regard they conſiſt of no ſmall number of looſe papers, which 
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by reaſon of ſome, "yet inſuperable, obſtacles (of which want of health is none of the leaſt) 
he cannot conveniently ſeek out, range, and complete; and partly, becauſe he cannot, in 
the place where he is now detained, be maſter of divers uncommon minerals, and ſome 
chymical productions, whoſe deſcriptions through haſte he omitted, becauſe he had them 
ar hard in the place, where thoſe eſſays were written, and preſumed, he could at leiſure 
fill vp thoſe vacancies he left for ſuch deſcriptions. 

SECONDLY, as to the eſſays themſelves, which, for the reaſons juſt now mentioned, 
come not abroad with the reſt, though the excellent author hath of late years conſtantly 
refuſed to promiſe any thing to the publick, yet, that the reader may the better judge 
of the ſcope and deſign of the whole treatiſe, he will not deny him an intimation of 
what ſubjects thoſe eſſays relate unto, by telling him that one of them treateth of the 
uſefulneſs of chymiſtry (not to phy ſick, but) to the empire of man over the inferior 
works of nature : another, of the advantages, that a naturaliſt's country may derive 
from his curioſity : another, of the mutual aſſiſtance, that the ſpeculative and practical 
part of phyſiology may afford each other: after which comes a diſcourſe, containing in- 
ducements to hope for much greater things from experimental philoſophy, than men 
have hitherto obtained. 

LASTLY, as to what the author taketh notice of, about the coincidents of ſome expe- 
riments, that may be mentioned as well by others as by him; it is very poſſible, that the 
fame things may, by the ſame, or other ways, come to the knowledge of different per- 
ſons. Beſides, that I have heard him mention with ſome complaint, that, when divers 
years ſince, he writ ſeveral diſcourſes (whereof ſome belonged to the uſefulneſs of experi- 


mental philoſophy) for the uſe of a private friend, not for the preſs, he was not fo ſhy,. 


as had been requiſite, of ſhewing divers experiments, and of imparting others in dif- 
courſe, to inquiſitive men, whether Engliſh or foreigners, that came to viſit him; di- 
vers of which things he afterwards found in print, ſometimes indeed with, but for the 
moſt part without, mention of his name. So, that ſometimes his unwillingneſs to dif- 
oblige ſuch writers, and to contend about ſuch matters, made him either wholly omit 
ſome of the particulars he afterwards intended to publiſh, or even. to croſs out ſeveral 
paſſages that he had already written, where he would without much inconvenience 
(for, that did not always happen) either quite leave them out, or ſubſtitute others. 
(though leſs proper) in their ſtead. He added alſo, that ſometimes obſerving his no- 
tions and experiments to be aſcribed to other writers, and ſomewhat wondering at it, 
he found indeed fuch writers to have mentioned ſuch things, but in editions that came 
abroad after the publication of our author's writings ;. from whence ſuch things might, 
with the greater likelihood be preſumed to have been borrowed, both becauſe ſome of 
the wiiters had converſed with him, and he could not find them in the firſt edition of 
ſuch books. But theſe unfair proceedings being the faults but of a few, he ſaid, he 
was far from imputing them to the generality of thoſe, that have mentioned (which 
divers of thoſe have very civilly done) his experiments, or writings in theirs. 

Tre particulars being thus taken notice of, the curious reader ought not to be any 


"nger detained from converſing with the author himſelf in this inſtructive treatiſe. 
Farewell, | 


You: 1 The 
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HAVE, in the preface, and body of the former, and already publiſhed part of this 

treatiſe, taken notice of ſo many of the things that concern the whole work in gene- 
ral, that I preſume it will not here be neceſſary to detain the reader with any other 
particulars, than thoſe, that will be offered by way of anſwers to ſome queſtions, that 
are like to be afked about the publication of this preſent tome. 

AxD in the firlt place, if it be demanded, why this latter part did not more cloſely 
follow the former, I have this to anſwer ; that the papers it conſiſted of, chanced to be 
o unfortunately diſpoſed of, during the late publick confuſions, that for a great while 
I was not the maſter of them, and in the mean while was, ſometimes upon one occa- 


ſion, and ſometimes upon another, engaged to venture abroad the Hiſtory of Colours, 


the Hiſtory of Cold (with the preliminary and additional tracts) Hydroſtatical Para- 
doxts, and the Origin of Forms and Qualities ; the publication of which treatiſes, be- 
ſides that of ſome anonymous papers, as it took up much of the time I had to ſpare 
for the preſs; ſo it may, I ſuppoſe, keep it from being thought ſtrange, that I did not 
trouble myſelf and others with this book alſo. And indeed, this having been (as the 
ſcope and divers paſſages of it ſufficiently intimate) one of the firſt 1 wrote to the gen- 
tleman I call Pyrophilus, I had occaſion, whilſt it was out of the way, to make uſe of 
io many of the experiments and obſervations, that belonged to it, that fearing I had 
thereby too much robbed, and disfigured it, to leave it any way fit for publick view, I 
had the greater temptation to neglect the looking after it. | 

Bur if it be further demanded, why then, ſince it was not ready to come out more 
early, I did not condemn it not to come out at all? 1 have two things to return by 
way of anſwer, * | 

Tre firſt is, that ſome eminent virtuoſi, to whom I owe a peculiar reſpect, were 
Pleaſed to challenge the edition of this tome, as if I had made myſelf a debtor to the 
publick for the ſecond part of this work, by having ſuffered what I wrote to a private 
friend to be divulged in the firſt, Eſpecially ſince the publick had given that ſo very 
ee an entertainment; as, beſides other things, the early reprinting of it mani- 
feſted. 

Tu other part of my anſwer, and that, which made the former conſideration pre- 
valent, is, that I was overcome, either by the reaſons, or by the authority, of rhoie 
ingenious perſons, that were pleaſed to think, that this work would not prove unler- 
viceable to mankind, to whoſe good, both as a man, and Chriſtian, I have been long 
ambitious to contribute, as well upon the account of the great Author and divine 
Redeemer of men, as of that common nature, whereof all men partake. What th: 
utilities of this work were conceived to be, the reader will find dilcloſed at the end of 
this preface, To which I will therefore refer him for an account of them; and now 
only take notice, that as to one of the ſcruples I had againſt the publication, namely, 
that I had plundered this preſent treatiſe of divers particulars, wherewith I had accom- 
modated ſome of my other writings; 1 could not well reject this anſwer, that in ſo 
many years as had paſſed ſince the writings of this book, I had not been ſo negligent a 
commercer With the works of nature and art, as not to be able to make ſome * 

| or 
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for what I had taken away, and eaſily ſubſtitute other experiments and obſervations, to 
ſupply the vacancies left by thoſe I had transferred to other diſcourſes, 

AnD as to another of my ſcruples, about venturing abroad this tome, namely, that it 
muſt come forth ſo late, if it ſhould come forth at all, it was anſwered, that it could 
ſcarce come forth more ſeaſonably to recommend the whole os of the Royal So- 
ciety, whoſe generous 2ims being to promote the knowledge of nature, and make it 
uſeful to human life. This treatiſe may procure them ſome number of aſſiſtants, in a 
work, whoſe vaſtneſs and difficulty will need very many, if men's curioſity and induſtr 
can by this treatiſe (or any to the like purpoſe) be well excited by a conviction of the 
real and wide diſp:rity betwixt true natural philoſophy, and that of the peripatetick 
ſchools; and that in cultivating the former, they will not meet with a field, that will 


afford them nothing, but (the wonted production of the latter) the thorns and thiſtles of 


acute indeed, but uſeleſs, and oftentimes troubleſome, ſubtilties; but, that they may 
expect a ſoil, that may by a due culture be brought to afford them both curious flowers 
to gratify curioſity, and delight their ſenſes, and excellent fruits, and other ſubſtantial 
productions, to anſwer the neceſſities, and furniſh the accommcdations of human life. 
Axp I will not deny, that I have had the fortune to be looked upon, as not the 
unfitteſt perſon in the world to offer ſomething in this kind ; for thoſe, that are mere 
ſcholars, though never ſo learned and critical, are not wont to be acquainted enough with 
nature and trades, to be able to ſuggeſt thoſe inſtances, that are the moſt proper to 
manifeſt that, which men are to be convinced of. The mere chymiſts, beſides that their 
curioſity is wont to be too much confined to let them be fitteſt for ſuch a work, have 
the ill fortune to be diſtruſted by the generality of men, not credulous, wh.ch is a great 


unhappineſs in this caſe, becauſe, that though their experiments were never ſo true (as 


divers of them are) yet ſkill in their art being requiſite to make them, men's ditt:dence 
of the propoſers, joined with the difficulty of examining the things, will not allow them, 


either to believe what is propoſed, or to try it. And as for the new philoſophers (as 


they call them) though, if they were to write but for philoſophical read. rs, I know 
teveral of them, that would queſtionleſs do it rarely well; yet the generality of thoſe 
readers, to whom we would give good impreſſions of the ſtudy of nature, being ſuch 
as will probably be more wrought upon by the variety of examples, and eaſy experi- 


ments, than by the deepeſt notions, and the neateſt hypotheſes, ſuch a treatiſe for the 
kind, as that which follows, containir.g many practices of artifices and other particulars, 
that are either of eaſy trial, or immediate uſe, may perhaps by that variety gratify, and 
perſuace a greater number of differing ſorts of readers, than a far more learned and 


elaborate piece, and might be welcomer to more intelligent and philoſophical peruſers. 


Ir it be aſked by ſome, that know me, whence it comes, that the ſecond part of the 
uſeſulneſs of experimental philoſophy being written (as very credible perſons, that ſaw it 


can witneſs) about the year 1658, there may be met with in the following treatiſe ſome 


experiments of my own, that they know were ſince made, and ſome (though few) cita- 


tions out of books publiſhed ſince that time? If, I ſay, this be aſked, the anſwer is in- 
timated a little above; for having transferred to other tracts many paſſages, that be- 
longed to thoſe I now publiſh, I was obliged to repair the injury I had done them, by 
ſupplying chem with ſuch particulars, as offered themſelves to my memory, when J 


haltily reviewed this tome, without ſcrupulouſly minding the times when the particulars 


inſerted did firſt occur. And if this advertiſement be applied to ſome other of my wri- 


ungs, thac either che importunity of friends, or ſome unwelcome accidents, engaged me 


to publiſh out of their due time, and not in their intended order; it may kee 
men irom tuinking, that when I firſt wrote them, I had read over, or at leaſt ſcen 
3D 2 which 
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which indeed I neither did nor could) every book of a recenter date, of which upon 
occaſion I mention a paſſage or two, and thoſe perhaps, as they are cited by other au- 
thors, we being here in England but ſlenderly, and very flowly, furniſhed with modern 
foreign books. 

ALL thele inſerted paſſages the reader ſhould find included in parentheſes, as the 
printers call theſe marks (), by which he will yet be able to 1 ſeveral of them, 
though I now find, that ſome others, by the negligence of the tranſcribers, or of the preſs, 
or of both, have been omitted; which advertiſement I fear may have need to be ex- 
tended to ſome other printed trafts of mine, wherein parentheſes are to be met with, 

Barixo theſe few additional paſſages, the enſuing book comes forth, without taking 
notice of what changes or diſcoveries have happened in the commonwealth of letters, 
ſince the time it was written in. On which account, if ſome few of thoſe many par- 
ticulars delivered there ſhould chance to be co-incident with what ſome other man hath 
written, I would neither on the one ſide be thought a plagiary myſelf, nor on the 
other ſide deny any man, to whom it may be due, the honour of the earlieſt publica- 
tion; though, to ſhun needleſs controverſies, I am ſomewhat ſhy of naming this or that 
perſon, as the firſt propoſer or inventor of an experiment, which, eſpecially if the per- 
ſons or things be not conſiderable, is often difficult enough to diſcover : witnels the 
conteſts, that have been, and yet continue, about the firſt inventors of common wea- 
cher-glaſſes the aſcenſion of water in ſlender pipes, the glaſs drops that fly in pieces, 
the meaſuring of time by a pendulum, and, which is more flrange, the art of printing 
itſelf, If it be aſked, why J did not forbear to make uſe of ſome practices of tradeſ- 
men, and other known, and perhaps ſeemingly trivial, experiments; theſe things may 
be replied. . 

I. 8 * ſince on divers occaſions it was requiſite, that my diſcourſe ſhould tend 
rather to convince, than barely to inform my reader, it was proper, that I ſhould employ 
at leaſt ſome inſtances, whoſe truth was generally enough known, or ealy to be known, 
by making enquiry among artificers, even by ſuch as out of lazineſs, or want of ſkill, 
or accommodation, cannot conveniently make themſelves the trials. 

II. Bur yet I have taken care, that theſe ſhould not be the only, nor yet the moſt 
numerous inſtances, I make uſe of; it being in this tome, as well as in my other phyſi- 
ological writings, my main buſineſs, to take all juſt occaſions, to contribute as much, 
as without indiſcretion I can, to the hiſtory of nature and arts. 

III. As to the practices and obſervations of tradeſmen, the two conſiderations already 
alledged may boih of them be extenced to the giving of an account of the mention I 
make of them. Of the truth of divers of the experiments I alledge of theirs, one may be 
eaſily ſatisfied, by inquiring of artificers about it; and the particular, or more circum 
ſtantial accounts I give of ſome of their experiments, I was induced to ſet down by my 
deſire to contribute toward an experimental hiſtory, For I have found by long and un- 
welcome experience, that very few tradeſmen will, and can give a man a clear and full 
account of their own practices; partly out of envy, partly out of want of ſkill to de- 
liver a relation intelligibly enough, and partly (to which I may add chiefly) becauſe they 
omit generally, to exprets either at all, or at lcaſt clearly, ſome important circumſtance, 
which becauſe long ule hath made very familiar to them, they preſume alſo to be known to 
others: and yet the omiſhon of ſuch circumſtances doth often render the accounts they 
give of ſuch practices, ſo dark and fo defective, that, if their experiments be any thing 


intricate or difficult (for if they be (iniple and eaſy, thcy are not fo liable to produce mil. 


takes) I ſeldom think mylelt {ure of their truth, and that I ſufficiently ee 
| | tnem, 


Te PREAMBLE. 397 


chem, till I have either tried them at home, or cauſed the artificers to make them in 
reſence. 

1 that have given themſelves the trouble of endeavouring to make the experi- 
ments of tradeſmen, to be met with in the writings of Cardan, Weckar, and Baptiſta 
Porta, for inſtance; and have thereby diſcovered (what is not uſually obvious upon a 
tranſient reading) how lamely and darkly, not to add unintelligibly, ſeveral things are 
written, will probably afford me their aſſent, having found upon trial the inſtructions of 
ſuch learned and ingenious men to be often obſcure and inſufficient for practice. 

BuT here I muſt give the reader notice, that as mechanical arts for the moſt part ad- 
yance from time to time towards perfection; ſo the practices of artificers may vary in 
ciffering times, as well as in differing places, as I have often had occaſion to obſerve. 
And therefore I would neither have him condemn other writers or relators, for deliver- 
ing accounts of the experiments of craftſmen differing from thoſe I have given; nor con- 
demn me, for having contented myſelf to ſet down ſuch practices faithfully, as I learned 
them from the beſt artificers (eſpecially thoſe of London) I had opportunity to converſe 
with, | 

Bur here perhaps it will be demanded by way of objection, whether I do not injure 
tradeſmen, by diſcovering ſo plainly thofe things, which our laws call the myſteries of 
their arts? To a queſtion, that may perhaps by ſome be clamorouſly preſſed, not only 
upon me, but much more upon ſome ingenious men of our nation, whoſe pens have been 
more bold than mine in diſcloſing craftſmens ſecrets, it will be requiſite to return ſeve- 
ral things by way of anſwer ; but that ſuch readers, as are not troubled with the ſcruple, 
may not be ſo with the apology, they will find this printed in another character, ſo that, 
if they pleaſe, they may pals it over unread. | 


[FinsT then, it may be repreſented, that I never divulge all the ſecrets and practices In the 
neceſſary to the exerciſe of any one trade, contenting myſelf to deliver here and there, upon Ie 
occaſion, ſome few particular experiments, that make for my preſent purpoſe : ſo that, gel 
for much more than I allow myſelf to do, I can plead the example, not only of other ragraphs 
writers that have publiſhed books to teach the whole myſtery of this, or that trade, as are in. 
the prieſt Antonio Neri hath diligently done in his Italian Arte Vetraria, and fome Engliſh, ee 5 
as well as foreign virtuoſi, have done on other ſubjects; but alſo ſome of the artificers“ 
themſelves, as the famous goldſmith and jeweller Benvenuto Cellini in his much eſtecmed 
Italian tracts of the lapidaries and goldſmiths trades. Thus alſo the famous mineraliſt 
Georgius Agricola publiſned in Latin a whole volume of the more practical part of mine- 
ralogy, wherein he largely and particularly deſcribes experiments, tools, and other things, 
that belong to the callings of mine men. To which I might add divers other treatiſes, 
ſome of them French, others Italian (which, though I could not procure them, I have 
ſeen among curious collections of books) that have been publiſhed about ſeveral arts by 
the artificers themſelves. And it is notorious, that in Engliſh, as well as in divers fo— 
reign languages, we have books of the arts of gunnery, diſtillation, painting, garden- 
ing, &c. divulged by perſons that profeſſed thote callings. 

SECONDLY, it is not the cuſtom of tradeſmen to buy books, eſpecially ſuch as are not 
intended tor ſuch readers, and treat (for the moſt part) of things, either beyond their 
reach, or wherein they ſeem not likely to be concerned ; and as for gentlemen and 
icholars, though ſome of them may, to ſatisfy their. curioſity, make a few trials, yer 
their doing ſo will ſcarce in the leaſt be prejudicial to tradeſmen. Since, to omit other 
arguments, it will not be worth while for a virtuoſi to be at the charge and trouble of 
buying 
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buying tools, and procuring other neceſſary accommodations to ſell a few productions 
of his ſkill, though he ſhould not ſcruple to deſcend to ſuch a practice. For if he make 
but a ſmall number of experiments, their effects will coſt him more than the like may be 
bought for of thoſe that make them in great quantities, and whom their trade obligeth 
to be ſolicitous to buy their inſtruments and materials at the beſt hand, and ſell them 
to the beſt profit. Beſides that molt of the works of artificers are chiefly recommended 
to the more curious ſort of buyers by a certain politeneſs, and other ornaments, com- 
prized by many under the name of finiſhing ; which require either an inſtructed and 
dexterous hand, or at leaſt ſome little peculiar directions, which 1 did not always think 
mylelf obliged to mention, in a treatiſe deſigned to aſſiſt my friend to become a philo. 
ſopher, not a tradeſman, and publiſhed to help the reader to gain knowledge, not to get 
money. 

THrikDLy, to publiſh an experiment or two, or in ſome caſes, a much greater num- 
ber belonging to a trade, is not ſufficient to rob a tradeſman of his profeſſion. For beſides 
that moſt trades conſiſt of ſeveral parts, and are each of them made up of divers practices, 
(that commonly are more than a few) thoſe numerous mechanical arts, that are called 
handicrafts, require (as their very name argueth) a manual dexterity, not to be learned 
from books, but to be obtained by imitation and ulz. And to theſe conſiderations J ſhall 
add this more important one, that mechanical profeſſions are wont to be, as it were, 
made up of two parts, which, for diſtinction ſake, I take leave to call the art and the 
craft; by the former whereof I mean the ſkill of making ſuch or ſuch things, which 
are the genuine productions of the art, (as when a taylor maketh a ſuit, or a cloak) 
and by the latter I mean the reſult of thoſe informations and experiments, by which the 
artificer learns to make the utmoſt profit, that he can, of the productions of his art. And 
this economical prudence is a thing very diſtinct from the art itſelf, and yet is often 
the moſt beneficial thing to the artificer, informing him how to chooſe his materials, 
and eſtimate their goodneſs and worth; in what places, and at what times, the belt 
and cheapelt are to be had ; where, and when, and to what perſons the things may be 
moſt profitably vended. In ſhort, the craft is that, which teacheth him how both to 
buy his materials and tools, and to ſell what he makes with them, to the moſt ad- 
vantage. 

Four THLY, it may often prove more advantageous than prejudicial to tradeſmen them- 
ſelves, that many of their practices ſhould be known to experimental philoſophers. This 


I ſuppoſe, that I have ſufficiently proved in ſome, and eſpecially in * one of the follow- 


ing eſſays. 

Ver I ſhall now repreſent, that though ſome little inconvenience may happen to ſome 
tradeſmen by the diſcloſing ſome of their experiments to practical naturaliſts, yet, that 
may be more than compenſated, partly, by what may be contributed to the perfecting 
of ſuch experiments themſelves, and, partly by the diffuſed knowledge and ſagacity of 
philoſophers, and by thoſe new inventions, which may probably be expected from ſuch 
perſons, eſpecially if they be furniſhed with variety of hints from the practices already 
in uſe, For theſe inventions of ingenious heads do, when once grown into requelt, 
ſet many mechanical hands a-work, and ſupply tradeſmen with new means of getting a 
livelihood, or even enriching themſelves. As to the diſcipline ſubordinated to the pure 
mathematicks, this is very evident; for thoſe ſpeculative ſciences have (though not 
immediately) produced their trades, that make quadrants, ſectors, aſtrolabes, globes, 


* The eſſay here meant is that, which treats of the utility of the naturaliſts inſight into trades. 
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maps, lutes, phials, organs, and other geometrical, aſtronomical, geographical, and 
muſical inſtruments ; and, not to inſtance thoſe many trades that ſubſiſt by making ſuch 
things as mechanicians, proceeding upon geometrical propoſitions, have been the authors 
of ; we know, that whether the excellent Galileo was, or was not, the firſt finder out of 
teleſcopes, yet he improved them ſo much, and by his diſcoveries in the heavens did 
ſo recommend their uſefulneſs to the curious, that many artificers in divers parts of 
Europe have thought fit to take up the trade of making proſpective glaſſes. And ſince 
his death, ſeveral others have had profitable work laid out for them, by the newer direc- 
tions of ſome Engliſh gentlemen, deeply ſkilled in dioptricks, and happy at mechanical 
contrivances ; inſomuch, that now we have ſeveral ſhops, that furniſh not only our own 
virtuoſi, but thoſe of foreign countries, with excellent microſcopes and teleſcopes, of 
which latter ſort I lately bought one (but I confeſs the only one, that the maker of it, 
or any man, that I hear of, hath perfected of that bigneſs) which is of threeſcore foot in 
length, and which the ingenious artiſt that made it, Mr. Reeves, prized conſtantly at 
no leſs than an hundred pounds Engliſh money. I know not, whether or no I ſhould 
add, that poſhbly ſome particular experiments of mine have not been hitherto unprofita- 
ble to ſeveral tradeſmen, But this I may ſafely affirm, that a great deal of money hath 
been gained by tradeſmen, both in England and elſewhere, upon the account of the ſcar- 
let dye, invented in our time by Cornelius Drebel, who was not bred a dyer, nor other 
tradeſman. - And, that we daily ſee the ſhops of clockmakers and watchmakers more 
and more furniſhed with thoſe uſeful inſtruments, pendulum-clocks, as they are now 
called, which, but very few years ago, were brought into requeſt by that moſt ingeni- 
ous gentleman, who diſcovered the new planet about Saturn.] 


I nave handled the ſubject of the foregoing arguments much more particularly, than 
I would have done, had not my pen been drawn on by a hope, that the things I have 
repreſented, may furniſh apologies to many inquiſitive men, who may be thereby em- 


boldened to carry philoſophical materials from the ſhops to the ſchools, and divulge: 


the experiments of artificers, both to the improvement of trades themſelves, and to the 
oreat inriching of the hiſtory of arts and nature. | 

Ie it be further demanded, whether I have furniſhed theſe eſſays with the chiefeſt things 
could have afforded them, I muſt confeſs, that I have not; for though I had, lying 
by me, ſeveral experiments and obſervations, leſs inconſiderable than many of thoſe I 
have made uſe of, which would have been pertinent enough to the ſubjects here treated 
of; yet I purpoſely forebore to imploy them in theſe tracts, becauſe I would not defraud 
thoſe others, to which they were more proper, and ſome of them neceſſary, For I 
freely declare, that my deſign in this preſent tome was not to furniſh it as well as I 
could, but to preſerve, as in a repoſitory, ſeveral ſcattered experiments and remarks, 
which ] could beſt ſpare from the other treatiſes I had deſigned, which might otherwiſe 
probably be loſt : but yet I ſhall not deny, that I did not careleſsly draw up ſome of 
the following tracts, but, that I endeavoured to write them in ſuch methods, that they 
might contain ſeveral diſtinct heads, and thoſe as comprehenſive as I could eaſily make 
them, that both the young and hopeful gentleman, I call Pyrepbilus, and I myfelf, 
might conveniently refer ſuch other practices and experiments (eſpecially thoſe of tradeſ- 
men) as ſhould hereafter occur to us, and appear to belong to thoſe heads. And I did 
the le's deſpair of his giving a kind reception to theſe diſcourſes, becauſe I could expect 


lo little aſſiſtance in my undertaking, having never met with any book, great or ſmall, 
Written upon the ſubject 1 was to treat of, 
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Ir hereupon it be objected, that by my own confeſſion, divers of the particulars ad. 
mitted into this book, are but ſlight, and ſome of them already known; I ſhall re- 
preſent, that as ſome of the experiments ſpoken of are but flight, ſo there are others, 
that poſſibly diſcerning readers will not think to be altogether ſuch ; and that it was 
fit (for reaſons already mentioned in this very preface) that I ſhould not forbear to em- 
ploy, as proofs to convince others, things either known, or eaſy to be made ſo, eſpe. 
cially, ſince I commonly uſe them to ſome purpoſe, or other, whereto they have not 
been applied; and my deſign in the publication of theſe trifles being chiefly to invite 
the generality of readers, though of different inclinations, qualities, &c. to addict 
themſelves to the ſtudy of experimental philoſophy. The variety and eaſineſs I have 
aimed at in the experiments I have ſet down, may, for aught I know, be more proper, 
than if I had confined myſelf to the mention of a few choice and elaborate experiments, 
which ſome readers would think impertinent to their ſtudies, and others judge too dif- 
ficult for them to put in practice. It appeared not unfit, that a book, whole title was 
like to procure it very different ſorts of readers, ſhould be for the moſt part written in a 
popular way; divers perſons, eſpecially thoſe of a higher quality, by a trifle, that 
hath the luck to gratify their curioſity, may be more ſucceſsfully invited to reliſh and 
eſteem experimental learning, than by a deep notion, or a weighty experiment. And 
there are others, that will eaſier be brought to value and try experiments, by meeting 
with ſome few, though but ſlight ones, that happened to ſuit with their humour or 
calling, or to accommodate them on ſome particular occaſions, than they would by 


many others, much more lucriferous, or otherwiſe important. And though it were to. 


be wiſhed, that men's kindneſs to practical philoſophy were grounded on the beſt mo- 
tives; yet this treatiſe will not altogether mils the aim of its publication, if even upon 
the fore-mentioned lighter accounts, it engages readers to make, as well as reliſh, ex- 
periments; for the pleaſantneſs, variety, uſefulneſs, and other endearing qualities of 
ſuch an imployment will probably invite moſt of them to a further progreſs, whereby 
many uſeful phænomena and obſervations are like to accrue to what is already known of 
the hiſtory of nature and arts. And if this ſhall come to paſs, it will keep him from 
complaining of labour loſt, who in venturing upon ſuch a work, as now comes forth, 
was knowingly to poſtpone the appetite of fame to the deſire of doing ſome ſervice to 
mankind ; to which end he takes one of the directeſt ways to be the contributing ſome- 
what to the advancement of experimental philoſophy, 

Ir remains, that J add ſomething more, which poſſibly may not a little befriend 
both theſe laſt mentioned anſwers, and ſeveral others contained in this preface ; for, 
when all the former demands occurred to my thoughts, as likely to be made, ſome 
by one ſort of readers, and ſome by another, thoſe virtuoſi, that were ſolicitous for the 

blication of theſe papers, were not backward to urge the utilities, which they fancied 
would thence accrue to the publick. And I cannot very well deny, that, as meanly as 
I think of a treatiſe, to whole tome I did nor, till the ſecond edition, (when I could con- 
ceal it no longer) let my name be prefixed ; yet ſuch a work as this for kind, well per- 
formed, may be a very uſeful one. And even of this following book, ſuch as it is, it 
was ſuggeſted, that the uſes would not prove deſpicable, in regard, that beſide thoſe, 
that are com mon to it with the formerly publiſhed rome, ſuch as the improvement of 
the minds of men, and (eſpecially) the aſſiſting them to underſtand the works of God, 
and thereby engage them to admire, praiſe and thank him for them : beſides theſe (I 
ſay) there may be other uſes of the following tome, which, to avoid increaſing a prolixity 
that I fear is already too great, I ſhall rather name than diſcourſe of, contenting * 

briefly 
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briefly to _— that it was conceived, the peculiar uſes of this preſent tome might 

ſuch as theſe. 5 
"I Ir may afford materials for the hiſtoty of nature, which, that it. may the more 
plentifully do, I have purpoſely, on ſeveral occaſions, added a greater number of in- 
ſtances, than were abſolutely neceſſary, for the making out of what I intended to de- 
clare or prove. | ; . | ue 

II. Ir may afford ſome inſtructions, advices, and hints to promote the practical or 
operative part of natural philoſophy in divers particulars, wherein men have been either 
not able, or not ſolicitous to aſſiſt the curious. 

III. Ir may enable gentlemen and ſcholars to converſe with tradeſmen, and benefit 
themſelves (and perhaps the tradeſmen too) by that converſation ; or, or leaſt, it will 
qualify them to aſk queſtions of men that converſe with things; and ſometimes to ex- 
change experiments with them, | VET 
IV. Ir may ſerve to beget a confederacy, and an union between parts of learning, 
| whoſe poſſeſſors have hitherto kept their reſpective ſkills ſtrangers to one another; 
and by that means may bring great variety of obſervations and experiments of dif- 
fering kinds into the notice of one man, or of the ſame perſons ; which how advan- 
tageous it may prove towards the increaſe of knowledge, our illuſtrious Verulam has 
ſomewhere taught us. 

V. Ir may contribute to the reſcuing natural philoſophy from that unhappy imputa- 
tion of barrenneſs, which it has ſo long lain under, and which has been, and ſtill is, fo 
prejudicial to it. And to effect this reſcue, it will in fome meaſure enable thoſe, that 
deſire it, to employ thoſe practical arguments, that are proper to convince many, that 
are not to be convinced by any other ſort of proofs. 

VI. Anp which is the main of all, it may ſerve by poſitive conſiderations, and 
directions, to rouſe up the generality , of thoſe, that are any thing mquiſitive, and 
both loudly excite, and ſomewhat aſſiſt, the curioſity of mankind ; from which alone 
may be expected a greater progreſs in uſeful learning, and conſequently greater advan- 


tages to men, than in the preſent ſtate of human affairs will be eaſily imagined, 
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The SECOND PART, The SECOND SECTION. 


Of its USEFULNESss to the Empire of MAN over 
inferior Creatures. 


E SS AT I. 


Containins ſome general confiderations about the means, whereby E imental Philoſophy: 
rn. may become uſeful to human life. . tl 


ITHERTO, my dear Pyropbilus, I have attempted to ſatisfy you of the uſeful- 
neſs of experimental natural philoſophy to phylick : it follows, that I proceed to 
endeavour to ſhew you, that it may be alſo: very ſerviceable to huſbandry, in all its 
ſubordinate parts, and to thoſe other profeſſions, that ſerve to provide men with food 
and rayment, or do otherwiſe miniſter to the neceſſities or accommodations of life; as 
the trades of brewing, baking, fiſhing, fowling, building, and the reſt not needful 
here to be enumerated. For though the human body, in reſpe& of the rational ſoul, 
(which is the inventreſs and ſeat of ſciences) be one of the corporeal things, over which 
the empire of knowledge is to be eſtabliſhed; yet, taking man as a creature made up of 
body and foul, the advancement of his empire ſeems to conſiſt more properly in the in- 
lrgement of his power over the other creatures: phyſick ſeeming ra her to defend him 
againſt revolts and inſurrections at home, than to inereaſe his power, and extend the 
limits of his empire abroad. 

Bur, Pyrophilus, I hope, you do not expect, that J ſnould now inſiſt on each, or ſo 
much as on any of the above- mentioned trades, by whoſe intervention it is, that man 
exerciſes his dominion over external bodies. For ſuch a work would require little leſs. 
than an age, and much more than a volume ;, and beſides (that. it is vaſtly diſpropor- 

| tionate, 
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tionate, both to my ſlender ſtock of mechanical ſkill, and to the little leiſure I have to 
conclude this ſection in) I could not acquaint you with all that I could pertinently enough 
deliver about theſe matters, without too much defrauding ſome other treatiſes, that I 
deſign you : and therefore, I hope you will be content, if, in the remaining part of 
this tract, I do not only preſent you a not deſpicable number of conſiderations proper 
to manifeſt that, and to intimate, how experimental philoſophy may be of great uſe to 
the promoting of mechanical arts and trades, but illuſtrate and confirm all, or moſt of 
thoſe conſiderations by particular inſtances, derived from obſervations and experience. 

Ta1s I ſhall, God aſſiſting, endeavour to do in the following eſſays. But before I 
deſcend to particulars, it will be expedient in this place to premiſe ſome general conſi- 
derations relating to the influence of experimental philoiophy upon trades, and two or 
three advertiſements, that concern the enſuing diſcourſes, 
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Frings then, to make it probable, that a true inſight into natural philoſophy may be 
eapable of affording ſome reformation, or other kind of improvement to trades, I ſhall 
deſire to conſider, that being, for the generality of them, converſant about ſome few 
particular productions of nature, ſuch men as are thoroughly ſkilled in her general 
laws, and acquainted with a vaſt number of her productions, and verſed in the ways of 
applying nature and art jointly to ſeveral purpoſes, according to the ſeveral exigencies 
of things; ſuch ſagacious perſons (1 ſay) will, in all likelihood, be able, ſome way or 
other, to meliorate the inventions of illiterate tradeſmen. As the huſbandmares ſkill, 
for inſtance, conſiſting chiefly in the obſervations of the nature of a few plants and anis 
mals, their relation to ſuch and ſuch ſoils and kinds of culture, and the operations of 
ſtars and meteors upon them, which are ſubjects, that properly enough fall within the 
cognizance of the naturaliſt, it cannot ſeem improbable, that he, that has ſeriouſly and 
induſtriouſly inquired into the nature of generation, nutrition, and accretion, both in 
plants and animals, and knows how to vary an uſeful experiment, when once found our, 
lo as to remedy the inconveniences, or ſupply the deficiencies, or improve the advan- 
tageouſneſs, or tranſlate and apply the uſe of it, and, in ſum, he that can knowing! 
and dexterouſly manage, what his own or other men's obſervations have afforded him, 
will be able to cultivate the ordinary huſbandman's ſkill with as much improvement, as 
that confuſed ſkill enables the huſbandman to cultivate his ground. 


Ee TION. 


To carry on the foregoing conſideration a little farther, I will add, that it may as well 
conduce much to the manifeſting, how much trades are ſubordinate to natural philoſophy, 
as to the improvement of trades themſelves, that it be attentively conſidered, what things 
each particular trade is, as it were, made up of. As for example, the chief things in 
the refiner's trade are, to know the ways of making, and the operations of aqua fortis 
upon ſilver, gold, and copper; to know how to purge that menſtruum, that it may 
diſſolve no gold, nor precipitate any of the ſilver it diſſolves; to know what propor- 
tion there ought to be diſſolved in it; to know with what quantity of water to weaken 
the ſolution, and how long copper- plates need lie in it, to precipitate all the ſilver out of 
it; to know how lead is to be colliquated with them, and what proportion of it is ne- 
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ceſſary and fufficient to carry off with it (when it is blown off upon the teſt) the baſer 
metals; to know how to make cupples of ſeveral forts and ſizes, and upon them ta 
draw off the lead or antimony from the ſilver or gold, and diſcern when the metal is 
ſufficiently refined ; to know what proportion of gold and filver is requiſite for the 
making of water-gold as they call it, (becauſe it is ſeparated from ſilver by aqua fortis, 
which diſſolves this metal, and leaves the other in a fine powder ;) theſe things, to. 
which many others are ſubſervient, belong to the refiner's trade, which, though under- 
ſtood by few, ſeems to be a very narrow and ſimple trade, in compariſon of a hundred. 
others, whoſe operations are far more numerous and complicated. Now if all trades 
were judiciouſly reſolved (if I may fo ſpeak) into the ſeveral parts they conſiſt of, it 
would, I queſtion not, manifeſtly appear, that the moſt, if not all of them, are in many 
particulars but corollaries deduced from ſome particular phy ſical obſervations, or but ap- 
plications of them to the uſes of human life. 

And if this be ſo, you will not, I preſume, think it unlikely, that by a farther diſco- 
very of the nature of thoſe particular bodies wherewith the trade is converſant, and a 
ſolid knowledge of thoſe laws of nature, and thoſe operations of bodies upon one ano- 
ther, which it employs ; ſome, if not moſt, of thoſe parts, whereof the trade may be 
conceived to be made up, may be reformed or bettered; which is enough to make the. 
philoſopher an improver of the trade, which he may become upon ſuch unobvious ac- 
counts, that perhaps it may not unreaſonably be hoped, that even the chymiſt's charcoal 
may be made, by a good naturalift, equivalent to an excellent compoſt for land. For if it 
be true, as well as it is probable, not only that the food of thoſe animals (as oxen, ſheep, 
&c.) which the huſbandman deals with, ſprings out of the ground; but that the plants, 
which affords them this food, are themſelves nouriſhed by a certain vegetative falt they 
find in the ground; and, that this ſalt being by frequent ſeminations exhauſted, the 
if grows barren, until either by the air, or the ſteams of the ſubterraneous parts, or 
the ſpontaneous maturation of the ſaline rudiments contained in the ground, or by adven- 
titious manure, or by all or divers of thefe together, it be re-impregnated with a new 
vital ſaltneſs : if theſe things be true, I ſay, then thoſe chymical experiments, that con- 
duce to diſcover to us, what kind of ſalt that is, and to what other ſalts it is allied or 
oppoſite, as it is to ſeveral acid ones, may probably afford very uſeful directions to the 
huſbandman, towards the meliorating of his land, both for corn, trees, graſs, and con- 
ſequently cattle. And having had the curioſity * to diſtil ſome earths, ſome dungs, 
and ſome ſeeds, and obſerve the ſalts abounding in the liquors yielding by them, (of 
which we have elſewhere occaſion to ſpeak) we found cauſe to wiſh, that experiments of 
that nature, in relation to the improvement of huſbandry, might be induſtriouſly proſe- 
cuted by naturaliſts. He that has obſerved thoſe many particulars in huſbandry, which 
might invite that great naturaliſt Sir F. Bacon F (wha yet mentions very few of them) to 
pronounce, that nitre is, as it were, the life of vegetables; he that obſerves how con- 
ducive that fertilizing dung of pigeons is, both to make earth fruitful to the huſband- 
man, and to impregnate it with nitrous ſalt for the ſaltpetre- man; and he that knows, 
that moſt fat earths, ſo defended from the rain and ſun, that the one may not draw up, 
nor the other waſh down the embrionated ſaltneſs of them, will after a time abound in 
nitrous ſalt, if they are not permitted to ſpend any in producing of vegetables; ſuch a 


Verulam hiſt. v. & mort p. 237. Certifimum eſt quamcunque terram, licet puram, neque nitroſis ad- 
mixtam, ita accumulatam & lectam, ut immunis fa ſoli, neque emittat aliquid vegetabile, colligere etiam 
datis copiose nitrum. 
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one, I ſay, will perchance be apt to think, that enquiries into the nature of ſaltpetre, 
may be of great concernment to huſbandry. And to give you, Pyrophilus, ſome in- 
ducements to expect, that chymiſtry may be very uſeful in ſuch kind of enquiries, I ſhal 
here mention to you a couple of my experiments relating to nitre. ; 

Tux firſt is that, whereby I endeavoured to give an inquiſitive perſon hopes, that 
materials, which ſeemed unlikely, might, by due changes, and without much art, be 
turned into ſaltpetre. The experiment was this: I cauſed ſome earth to be digged up 
juſt underneath the clay-floor of a pigeon-houſe ; ſuch earths being believed to abound 
the moſt with nitre, that needs only to have its particles brought together and united to 
compoſe ſaltpetre : a pretty quantity of this earth being put into a retort, and diſtilled 
with a good fire ex arena, afforded me, though little or no oil, yet a pretty quantity 
of a reddiſh liquor, which, inſtead of being, as others would have expected, of an acid 
nature like ſpirit of nitre, was fit for my purpoſe, by ſtrongly participating of the nature 
of volatile ſalts ; as appeared, not only in that I could, without rectifying it, turn ſyrup 
of violets with it immediately green, and precipitate a ſolution of ſublimate into a milky. 
ſubſtance ; but becauſe there came over, with the ſpirit, into the lower part of the re- 
ceiver, a ſalt in a dry form, which not only was in taſte not unlike the other volatile ſalts, 
but was ſo far from being of an acid nature, that with an acid menſtruum it readily fell 
to hiſs, and made an ebullition. So that it ſeems (which in an enquiry about nitre is 
very confiderable,) that a ſalt, very repugnant to acids, may, by the operation of the- 
earth and air, be ſo altered, as afterwards by a ſlight management to afford ſaltpetre, 
whoſe ſpirit is highly acid. But of this experiment I may hereafter make farther 
mention. | 

Tre other, (which we elſewhere have occaſion more particularly to take notice of with 
reflections on it) is briefly this. We took pot-aſhes, which you know contain but the 
ſalt of burnt vegetables; and on thoſe, firſt diſſolved in a little fair water, we dropped 
aqua fortis (whoſe ſaline part conſiſts indeed of little elſe than the ſpirits of nitre,) till all 
ebullition and hiſſing betwixt it and the reſolved pot-aſhes were perfectly ceaſed ; and 
having filtrated this liquor, and ſet it in an open veſſel in a gentle heat to evaporate, . 
it did within two or three days after, (and ſometimes, for we made it more than once, 
even in a few hours) being removed to a cold place, afford us very pure cryſtals of falt-- 
petre, as both their ſhape, and flaſhing (on live coals) into a blue halituous flame, in-- 
formed us. And ſince I have had occaſion to mention the uſe of ſaltpetre in huſ- 
bandry, I ſhall not forbear to add, that the knowledge, which the naturaliſt, as a diſ- 
cerning chym.ſt, may give the huſbandman of the natures and diſtinctions of ſaline bo- 
dies, may be of no mean uſe to him, by aſſiſting him to diſcern and obſerve the con- 
ſiderableſt differences of the various ſaltneſſes to be found in ſoils, and what ſort of falt- 
neſs each particular ſeed or plant moſt :fe&s. For by this means, not only many 
grounds might be made uſeful, which are thought barren, only by reaſon of our not. 
knowing for what plants the ſaltneſs predominant in them may be proper; but the ſame - 
ground may yield much frequenter crops than commonly it doth, when it is ſucceſſively. 
lowed only with one fort of ſeed, by the due alteration of plants delighting in the ſeveral | 
forts of falts to be met with in that ground; which oftentimes, by being impoveriſhed, 
or rather freed from one fort of ſalt, doth but the more plentifully feed thoſe plants, 
that delight in another: which, in ſome places we have ubſerved, that huſbandmen: 
ſeem to have taken notice of already, by ſowing (in fields too remote from their dwell- 
gs to have compoſt brought to them) turnips, to fit the ground for wheat, and ſerve- 

r a manure; though in this method ſome other circumſtances may poſſibly concur, 
with the nature of turnip-ſeed, to che preparation of the ground for wheat. And I am, 
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prone to think, that there is ſcarce any ground or ſoit, except perhaps mere ſand, that 
might not, even without much culture, be made fertile, or at leaſt kept from being al. 
together barren, if we were on the one hand ſkilled in the ways of diſcerning the na- 
ture of the ground; and on the other hand acquainted with, and provided of, all the 
variety of ſeeds and plants that nature has, though not all in one country, afforded us. 
For there are divers ſoils, which here in England, or in other regions, are, as uſcleſs, 
left quite uncultivated; which feeds or plants, that abound in other countries, and would 
probably be made to grow in theſe, would make ſerviceable to the huſbandman. Many 
ſteep and abrupt portions of ground (ſome of them very large) expoſed to the ſouthern 
ſun are left altogether waſte, not only in England, but in divers hot climates, where the 
planting of grapes for wine is not yet in uſe; though ſuch pieces of land in France and 
Italy, and, as I have obſerved, even in the Rhetian Alps, nouriſh excellent vineyards. 
I xxow an ancient and landed gentleman, who communicated to me upon his own 
knowledge an experienced way of making wheat grow and proſper well on mere clay, 
where there was no grain at all did thrive; which, though I have not hitherto had op- 
portunity to try, yet upon the credit of a perſon ſo ſober and qualified, I ſcruple not to 
mention it here, becauſe the art conſiſting mainly in the imbibition of the ſecd for a 
determinate time in a certain expreſſed oil, that is not dear; it may make it probable, 
that without altering the whole foil by manures, a flight, but convenient change made 
in the ſeed itſelf may ſerve to make them fit for one another. And (to add, that upon 
the by) to ſhew, that the particular diſpoſitions of ſome ſorts of ſeeds may enable them 
to make the ground they are ſowed in, much more productive, than it would other- 
wiſe be, I ſhall relate to you, that being not long ſince in the company of a learned and 
curious traveller, I ſaw, among ſome rarities of a quite other nature, an ear or two of 
corn, not much unlike our common wheat; at which being ſomewhat ſurprized, I 
afked him, what peculiarity had procured that grain admiſſion among ſuch rarities ? to 
which he replied, that in the warmer region, where he begged it of a virtuoſo, one of 
thoſe grains would afford ſo vaſt a multitude, as he was almoſt aſhamed to name, and 
I am more than almoſt afraid to repeat : but before I went out of the houſe, an Eng- 
liſh gentleman, that had a more than uſual curioſity for ſuch kind of trials, aſſured me, 
that having obtained ſome grains of that corn, and carefully ſowed it in ſome land of his 
own, not far from the place we were in, he had out of a ſingle grain ſeveral hundreds; 
though not near ſo many of them, as the other traveller, who yet was a very ſober and 
judicious man, related to have been produced in a better climate and foil, Of this 
ſtrangely prolifick wheat, the gentleman readily granted me a promiſe of a ſufficient 
quantity to make a trial; whereof, when I ſhall have received it from a ſervant of mine 
in the country, you may command the ſucceſs. And this brought into my mind what 
I read in the learned Jeſuit “ Acoſta, who affirms, that in divers parts of America, 
where it is known, that our European wheat proſpers not, the Indian (or, as many Eng- 
liſh have tiled ir, Virginian) wheat, they call Maiz, does ſo wonderfully thrive, that 
although the ſtalk bear often more than one cluſter, and the grain be big; yet in ſome 
cluſters he has reckoned ſeven hundred grains: to which he adds, that it is rot ſtrange 
in thoſe countries to gather three hundred faneques, or meaſures, for one ſown, Which 
paſſages, eſpecially the former, ſpeak of an increaſe that ſeems ſo little credible, that 1 
ſhould on that account forbear to mention it, were it not, that in Europe, and even in 
England, I myſelf have reckoned ſuch a multitude of grains upon one of the very nu- 
merous ears produced by the ſame ſingle grain, that I found myſelf very inclinable to 
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abſolve Acoſta, and continue to look upon him as one of the beſt writers of the natural 
hiſtory of America. | : ; 
We now proceed to take notice, that in ſome Eaſtern countries, a ſort of rice (a 
grain that makes the chief and moſt uſual food of the natives over almoſt all-thoſe 
parts) proſpers very well upon land fo drenched with waters, that ſeeds-men, to ſcatter 
the rice, do rather wade than walk. But this itſelf (which, for the main, was con- 
firmed to me by eye-witneſſes) is leſs ſtrange, and does leſs illuſtriouſly confirm what I 
was propoſing, than what the inquiſitive Jeſuit Martinius affirms to be the practice of 
ſome (as well great as ſmall) countries in China, where, in divers places, that are all the 
year under water, and would by our European huſbandmen be thought capable of no 
other uſe, than that of ponds or lakes, the Chinenſes caſt a certain ſeed ſo well appro- 
iated to the place, that is to receive it, that though it falls not immediately on the 
E00 but on the water, ſo that one would think they were not about to ſow a field, 
but bait a pond for fiſhes, yet this feed, being adapted to the ſoil it meets with at the 
bottom of the water, does ſo well proſper and ſhoot up to the top, that in its proper 
ſeaſon the ſurface of the water looks as freſh and verdant, as a fruitful meadow, and 
yields as rich a crop. But for fear of digreſſing, I ſhall, Pyrophilus, proceed to tell 
you, that perhaps alſo chymiſtry, eſpecially in conjunction with hydroſtaticks, may prove 
ferviceable to the ingenious huſbandman, by aſſiſting him to diſcover the kinds and de- 
grees of faltneſſes that are in ſeveral other bodies that he much deals with. I remem- 
ber I have met with things ſurprizing enough, in examining ſome ſorts of carths 
by diſtillation, and by ſeveral chymical inſtruments of diſcovery ; but though I have 
likewiſe had the curioſity to diſtil dungs and grain, and fruits, and ſome other ſubjects, 
wherewith the huſbandman is converſant, to obſerve what kinds of ſaline and other li- 
quors, and in what proportion, and of what ſtrength, they could afford me; yet not 
having any notes by me of the particular trials, I ſhall content myſelf to have given 
you this hint of a new ſort of experiments in huſbindry ; and ſhall only add, as to ſalts, 
that ſince the fertilizing power of dungs ſeems to reſide in the ſalino- ſulphureous part 
of them, (and the like E have by chymical trials found in lime;) a practical infi2ht into- 
the differences and differing operations of ſalts (about which I elſewhere entertain you) 
may probably very much aſſiſt the huſbandman to examine the ſeveral dungs, and other 
compolts (the knowledge of which is of great moment in his art) and to. multiply, com- 
pound, and apply them ſkilfully. | | 
| And as chymiſtry, that is converſant about fire, ſo even hydroftaticks and hydraulics, 
that teach us to make engines and contrivances for the lifting up, and for the con- 
veying of water, may in divers places be of no ſmall uſe to the huſbacdman. For not 
to mention what is done in ſome more known parts of the Faſt, of the like nature 
with what I am going to mention, Martinius informs us, that in one province of China: 
(whoſe name I remember: not) they are ſo curious to water their ficlds of rice, that they” 
have upon the river excellent mills ſo made, as thit great quantities of water are conti- 
nually raiſed in-buckers, or other convenient veſſels, faſtened to vaſt wheels driven by 
the ſtream ; which watering-mills (to add that notable inftance upon the b,) are not, as 
our European. mills are wont to be, fixed to one place, but built upon. veſſels, with: 
which they may remove the mills, how great ſocvtr, from place to. place, as occaſion, 
requires. Nor is this eaſtern. way of raifing water by wheels, fo as that it may be: 
conveyed by convenient channels to places many feet higher than the river, or other re- 
ceptacle of the water, that is to be diſtributed, the only way, whereby the hydrauliſt 
and mechanic ian may aſſiſt the huſbandman ; ſince he may conſiderably do it by the art: 
vi libellation, or conducting of water upon the ground. For: the improvement, that: 
| may 
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may be made of land by water, in ſoils fit for that way of culture, may be far more con. 


ſiderable than is yet wont to be taken notice of; as indeed this huſbandry itfelf is. in 
wany countries both elſewhere, and in England, as yet unpractiſed. I have had ſome 


lands of my own much bettered by being ſkiltally overflowed ;. fo that when I obſerved 


the difference, the tenant, though ſhy of acknowledging the utmoſt advantage, conleſſed 
to me, that he thought it yielded him double the former income. And a gentleman of 


quality of my acquaintance, whoſe improvements I went lately to view, ſhewed me a 


ſcope of ground, which at his firſt coming to that wild place, four or five years ago, wa 
boggiſh, and which yet he had turned into a good dry fail, by only trenching it here and 
there with ſhallow trenches of not a foot deep, and overflowing it, by the. means of 


thoſe trenches, and conveniently placed dams, as evenly as he could, five, fix, or ſeven 


times a year, betwixt the beginning of October, and about the middle of April, with 


the w.ter of a neighbouring ſpring, which was no way enriched by land-floods, atiſing 


but in a very barren and uncultivated place, far from the neighbourhood of grounds 
capable of enriching it; and yet this ſpring drained away, if I may fo fpeak, that ancient 
hydropical diſtemper of the land, and turned it, as I found by trial, into a good compact 
foil, on which ſtore of mowers were (when I ſaw it) employed in making of hay, which 
this meadow yielded plentifully enough to be worth twenty times its former value. 
Nor is this the ſingle conſiderable inſtance we have met with, of the improvement 
that may be made of divers kinds of land, only by ſkilfully overflowing them with com- 


mon waters. 


Bur, Pyrophilus, I may hereafter have ſo many occaſions to mention particulars re. 
lating to agriculture, that I ſhould preſently diſmils them in this eſſay, were it not, that 
I am, by my baving named huſbandry to you, put in mind to employ it as an inſtance 
to confirm this obſervation, that the more comprelienſive a trade is, the more likely it 
is, that it will be capable of being meliorated by natural philoſophy. For ſuch trades, as 
are of great extent, are obliged to deal with a conſiderable number of pature*s produc- 
tions, and to make uſe of divers of her operations; and conſequently muſt comprehend 
the more particulars, wherein the manufacture or prefeſhon may be reformed, and 
otherwiſe advantaged by a knowing and dexterous naturaliſt. Thus the huſbandman's 
corn makes it fit for him to have a competent ſkill in the whole art of tillage, the 
keeping of cattle great and ſmall, the ordering of dairies, of wood, of flax and hemp, of 
hops, of the kitchen-garden, of an orchard, of bees, &c. beſides that the particular produc- 
tions of ſome of theſe, as honey, cyder, &c. require ſome ſkill, and are capable of 
much improvement; ſo that among ſo great a variety of things, wherewith the huſband- 
man has to deal, it can ſcarce be otherwiſe, than that there will be ſeveral things, 


wherein the naturaliſt's higher and more reaching knowledge and experience will. be 


ſerviceable to him. And whereas in the preſervation both of cattle from diſeaſes, and 
of the fruits of the earth from putreſaction, lieth one of the moſt beneficial and difficult 
parts of the huſbandman's ſkill, he may therein be much aſſiſted by an expert naturaliſt ; 
who not only, by being able to accelerate putrefaction in divers bodies, may teach the 
huſbandman to furniſh himſelf with great variety of compoſts and manures, to relieve and 
em ich his ground with whatever peculiar ſort of ſalt he obſerves to be deficient ; but alſo 
may teach him how to preſerve many of his ſeeds, and flowers, and fruits, beyond their 
wonted duration: as I know ſome perſons, to whom I recommended methods of this 
kind, that uſe to preſerve quinces, for inſtance, a great part of the year, by a-ſtrong 
liquor, or pickle, made of nothing but water, and what (for the moſt part refuſe ſtuff) 
may be eaſily obtained from the quinces themſelves. * This way preſented us fruit at 
almoſt the year's end; and a while fince I could have ſhewn you (and, for _ I 
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know, can do ſo yet) cherries well ſhaped, and ſucculent enough, of above a year old, 
eſerved without ſalt or ſugar, by being kept in a ſpirit of wine fitted for that uſe and 
ly impregnated, before their immerſion, with the tincture of the ſkins of other cherries 
of the ſame kind. The vaſt benefit that the Hollanders derive from the beſt way of 
ſalting or pickling of herrings, and the advantageous uſe that is made by others, of ſo 
powdering beef, and ordering other fleſh, that it will laſt good to the Indies, and is 
ſometimes brought uncorrupted into theſe parts again, may perſuade us of the benefit 
that may accrue to the huſbandman by the diſcovery of the ways of keeping the produc- 
tions of the earth from corruption ; eſpecially if his ſkill be extended to weak wines, 
cyder, perry, and other liquors, which are wont to be made in great quantities, and yet 
apt to decay at home, and unfit to be tranſported far abroad. And the uſe of ſugar 
to ſtrengthen vinous liquors, and make them durable; and, without the help of ſalt or 
any ſharp thing, to preſerve great variety of fruits, and of the juices of herbs, may en- 
courage us to think, that there may be very differing ways (and ſome of them ſecmingly 
oppoſite) to make many things outlaſt their natural periods of duration. 
Bur my trials and obſervations (whether about the conſcrving of fruits, flowers, and 
fleſh, or of other things of this ſort) belonging more properly to another diſcourſe (of 
the preſervation of bodies) I ſhall now mention no more of them, but paſs on to tell 


you, that very much prejudice, which often happens to the poor huſbandman (and ſome- 


times even to his utter ruin) by thoſe, either ſtubborn, or contagious dileaſcs (ſuch as 
the rot in ſheep, and the glanders in horſes) that make havock of his cattle, may in great 
meaſure be prevented by the inſtructions of a knowing naturaliſt, eſpecially it he be an 
expert phyſician too. For as many diſeaſes, io many cures are analoguus in men and 
beaſts ; and the remedies prove frequently more ſucceſsful in theſe than in them, as well 
for divers other reaſons, as becauſe the bodies of many brutes are more able to bear the 
operation of ſtrong remedies; and yet the unaccuſtomedneſs of almoſt all of them to 
phy ſick makes them more relievable, than men by any (not improper) remedies. I will 
not now relate, that I have in ſome countries found medicines, that have been uſcfully 
tried againſt diſeaſes in men, cried up for their efficacy againſt their analogous ones in 
horſes ; nor with what difference in the doſe theſe may be purged by ſeveral of the ſame 
catharticks, eſpecially aloes, that are employed for the purgatiun of human bodies. I 
Mall rather inform you, that as in theſe ſalt is, you know, reputed a great reſiſter of 
corruption, and an enemy to worms (with a ſoit of which the livers and neighbouring 
veſſels of ſheep have been obſerved to be infeſted); ſo by the bare uſe of Spaniſh ſalt, 
which each ſheep, being firſt made to bleed a little under the eye, was made to take 
down a ſmall handiul, two or three times, with ſome days of interval, without being 


ſuffered for ſome hours to drink any thing after it: by this remedy, I ſay, given at the 


time of the year when there is danger that the ſheep will begin to be blotched, many 
flocks have for divers years been prelerved by a rich intelligent gentleman of my acquain- 
tance, that is a great ſheep-maſter, and has thereby (and that alſo lately) preſerved his 
flocks in a moiſt country, when moſt of his neighbours loſt theirs. I might here men- 
tion to you, Pyrophilus, the virtues of crude antimony, to cure the foulneis of blood, 
and even the leproſy in ſwine; of quickſilver, to cure the worms in horſes; of Palma- 


rius's famous remedy, which he ſolemnly affirms to be a conſtant one 2gainſt the bitings 


of a mad dog in cattle, and of a more parable one for men alſo, whoſe ſucceſs I almoſt 
admired in a near relation of yours and mire; of the ule of the antimonicl cup for ſeveral 
ſickneſſes in horſes and ſheep, which (if I miſremember not) was ſucceſsfully tried by 
one to whom I recommended it; and of another antimonial medicine, which (though 
much commended to me by a virtuoſo that took it himſelf) a gentleman of my ac- 
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quaintance, reſident in the country, who prepares it, aſſures me, that he uſes it with 


ſtrange ſucceſs to fatten his horſes (made lean by occaſion of fickneſs) with whom yet it 
works not, either as an emetick, or a purge. - And I could here preſent you divers other 
receipts much prized for their having (as well as the newly mentioned remedies) fre- 
quently been found effectual againſt the fame diſeaſes both in human bodies and in brutes, 


if I did not think it leſs proper to make in this place a veterinarian excurſion, than to 


tell you, that, if you have any curiolity for them, you may command them. 

1 m1GnT add, if I had leifure, ſome reaſons, why I deſpair not, that in time the huſ- 
bandman may, by the aſſiſtance of the naturaliſt, be able to advance his profeſſion by a 
therapeutical part, which may extend not only to the animal productions of the ground, 
and to the vegetable ones; but (in a large acception of the term) to the diſtempers of 


the ground itfelf, For if the cauſes of the barrenneſs of foils in general, and of their 


diſpoſition to cheriſh particular plants or animals, were by the -philoſopher's ſagacity 
diſcovered, | ſee not why many of thoſe defects may not be removed by rational appli- 
cations and proper ways of cure; as well as we ſee inconveniences remedied in many 
other inanimate bodies, without excepting the cloſe and ſtubborn metalline ones them- 
ſelves. ; 


Axp perhaps alſo, that by a way of management ſuggeſted by the knowledge of cauſes 


the barrennets of a ſoil may be cured, or its fertility much promoted by methods, that 


do nothing near ſo much require coſt as ſkill. Some ingenious huſbandmen have of late 
proclaimed themſelves much ſatisfied with a way of correcting two of the barreneſt forts 
of land, not by rich manures or other coſtly cultures, but by ſkilfully mixing the ſand 
and clay themſelves in a due proportion, according tothe uſe the huſbandman deſigns to 
make of it. And whereas one of the beſt modern writers of agriculture reports, as he 
may, for a ſtrange thing, that he had ſeen ſeven or eight and thirty ears of barley, that 
ſprung from one grain; I remember, that an ingenious gentleman, to ſatisfy ſome curious 
perſons what might be done in that kind, ſowed corn upon a piece of land, very neat 
the place of my abode, which proſpered ſo ſtrangely, that one root that I took particular 
notice of, though perhaps not the fruitfulleſt in the field, produced ſixty and odd ears of 
corn; and yet, which was the ſtrangeſt, this wonderful increaſe depended upon a phi- 
loſophical obſervation ; nothing extraordinary having been done, either to the land, or 
ſo much as to the ſeed; as I had opportunity to know, both by the informations of ob- 


ſerving men, and by the confeſſion of the gentleman himſelf, who was pleaſed to make 


choice of me to intruſt his ſecret with, that, in caſe he died before me, the publick might 
not loſe it. Upon which account he alſo confided to me another ſpecimen of his ſkill. 
He once preſented your excellent mother a company of ſeveral ſorts of choice apples, 


among which there was one ſort excellently taſted, but very ſmall ; the following year 


he preſented her another bafket of the like fruit, but finding no ſmall ones among them, 
ſhe took occaſion to aſk him, what was become of the tree that produced thoſe delicious 
little apples, that made part of his former preſent? to which he replied, that he had 
brought ſeveral of its productions among the other fruits ſhe was looking on; and 


thereupon ſhewed her {ome that came from the ſame tree, and appeared by the peculiar 


reliſh to be of the ſame fort, though exceedingly differing in bulk, that neither your 
mother, nor I, had any ſuſpicion that the ſame tree bore them. Upon which occaſion: 
he readily gratified my curioſity by acquainting me with his way, which depended almoſt 
only upon a phyſical obſer vation; all that he added being nut any rich compoſt, but 
ſome deſpiſed leaves of a very cheap and common vegetable. But huſbandry is too large 


a ſubject for me to proſecute in this place, and therefore I ſhall here diſmiſs it. 


S. E C. 
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Tax next thing I ſhall obſerve to you, Pyropbilus, is, that it is not only to the 
trades that miniſter to the neceſſities of mankind, but to thoſe alſo that ſerve for man's 
accommodation or delight, that experimental philoſophy may bring improvements; for 
theſe arts alſo do, for the moſt part, conſiſt in the knowledge and application of ſome of 
nature's productions and courſes, whoſe being referred to the accommodation or delight 
of men, rather than to any other purpoſe, does produce nothing that is truly phyſical in 
the things ſa referred, which thereby acquire only ſuch a kind of reſpect to man, as that 
which the metaphy ſicians cal] an extrinſical denomination; and we ſee that the ſame 
things, without varying their nature, are ſerviceable to men in very differing capacities: 
as wine ſerves one that is dry to quench his thirſt, ſerves a fainting perſon to revive his 
ſpirits, and the drunkard to inebriate him; the ſame ſpirit of wine, that ſerves the phy- 
ſician to make tinctures and extracts for the recovery of health, may ſcrve the ladies to 
diſſolve benjamin into a tincted liquor, that diluted with fair water may be uſed as a 
coſmetick, which I have received many thanks for; and the ſame ſpirit ſkilfully em- 
ployed upon ingredients, to be named to you ere long, is of excellent uſe for making 
divers fine varniſhes made with rectified ſpirit of wine; nay, the newly mentioned ſolu- 
tion of benjamin may itſelf be applied to all thoſe differing uſes ; for of itſelf it is a prety 
and odoriferous varniſh, and I have uſed it (though not often, for want of opportunity) 
with very good ſucceſs againſt a ſort of tetters, which I cauſed frequently to be bathed 
with it. What happy applications knowledge and ſkill may make even of unpromiſing 
things, to the furniſhing men with delights, is methinks very evident in mufical inſtru- 
ments, as lutes, viols, &c. For who would think (if experience did not affure us of it) 
that with a few pieces of wood joined together, and the guts of cats vr lambs wreathed 
or twiſted into ſtrings, the ſkilful muſician, by the help of mathematicks and excrciſe, 
ſhould be able to charm the ear with the greateſt, as well as moſt innocent delights, the 
ſenſe belonging to the organ is capable of, and which ſometimes dots not only pleaſe, 


but raviſh the tranſported hearers. But though, Pyrophilus, as I was lately laying, 


phy ſicæs may not only: be very ,improving to thoſe arts and profeſſions that ſerve to pro- 
vide man with the-neceffaries or accommodations of life, but alſo to thoſe that ſerve 
chiefly to furniſh him with pleaſures and delights z as might be inſtanced in experiments 
of colouring, perfuming, making ſweet-meats of all forts, embelliſhing the face with 
colmeticks, and divers others of the like voluptuous nature; and though I may elſe- 
where have occaſion, when I: come to treat of colours, odours, taſtes, and other quali- 
ties, to acquaint you with ſome receipts and exper. ments of this kind; yet now I do 
not only want leiſure to mention them, but am defirous, that natural philofophy ſhould 
engage you to court her, rather by her gratifying and enamouring your reaſon, chan by 
her bribing and inveigling your ſenſes. | | 


eO, 1, 


Tuovon what has been repreſented about the uſefulneſs of experimental philoſophy 
to trades docs chiefly belong to thoſe, wherein nature*s productions are employed to 
\uman uſes, by thoſe operations, wherein nature herſelf, rather than the artificer, ſeems 
to have the chick hand, as the trades of brewing, baking, gardening, tanning, &c. yet 

would not exclade thoſe very trades, wherein the artificer ſcems to be the main Ms 

1 anc 


411 


- a ot a= at — ͤRU— a — 


The Uſefulneſs of Experimental Philoſophy. 


and in whoſe ultimate productions the chief thing that is wont to be corſidered, jg 
the adventitious ſhape or form, which the artificer, as an intelligent and voluntary 
agent, does, by the help of his tools, give the matter he works on, as in the trades of 
the ſmith, the maſon, the cutler (when diſtin& from that of the ſword-maker) the watch. 
maker, and other handicrafts. For though theſe conſiſt rather in the manual dexterity of 
men, than the ſkilful ordering of the productions of nature, by their material operations 
upon one another; yet to many, if not all, even of theſe, the naturaliſt may ſome way 
or other be a benefactor. 

For there are divers of theſe manual trades, that, eſpecially as they are exerciſed in 
cities and greater towns, conſiſt of ſeveral parts, and have need of ſeveral other trades 
to prepare materials for them, and diſpoſe them to receive the laſt form, which the arti- 
ficer is to give them, to fit them for ſale. And we may, in many caſes, obſerve, that 
though this artificer, that gives the matter this laſt form, does it chiefly with his hands 
and his tools; yet thoſe other tradeſmen, to whom he is beholden for his materials, do 
ſome or other of them, to prepare and qualify them for his uſe, need ſome obſervations 
of the conditions of the body they deal with, or muſt employ ſome phyſical operations, 
wherein they may be much aſſiſted by the knowing naturaliſt, who may alſo teach the 
manual operator himſelf how to make choice of his materials, and examine the goodneſs 
of thoſe that ſubordinate workmen ſhall bring him. Thus, though ſtone-cutting be a 
trade that ſeems to conſiſt almoſt wholly in giving, with proper tools, to marble, free- 
ſtone, and other materials, the ſhape, which the artificer deſigns; yet, if I had leiſure, 1 
could eaſily ſhew you, that even in this trade, there are many particulars, wherein experi- 
mental philoſophy might be helpful to the artificer. For ways, hitherto unuſed, may 
be found out (as I have partly tried) to examine the nature and goodneſs of the marble, 
alabaſter, and other ſtones, which the mechanicks deal with. A competent knowledge: 
of the ſap, that is to be found in ſtones employed for building, is of ſo much impor- 
tance, that the experienced maſter workmen have confeſſed to me, that the ſame ſort of 
ſtone, and taken out of the ſame quarry, if digged at one ſeaſon, will moulder away in a 
very few winters; whereas digged at another ſeaſon, it will brave the weather for very: 
many years, not to ſay, ages (but of my obſervations of this kind, more elſewhere). 
The cements alſo, and ſtoppings (as they call them) which are of good uſe in this trade, 
may be ealily bettered by the naturaliſt that is verſed in ſuch mixtures. And I remem- 
ber, I had occaſion to teach a fine cement for the rejoining of the broken limbs of 
ſtarues to their bodies, to an inquiſitive artificer, who, by ſuch like helps, did in other 
caſes ſo well counterfeit marble with a cement, that even where there was occaſion to 
fill up great cavities with it, the work would paſs for entire; the additaments being not 
ciſtinguiſhed from the natural marble, Want of curioſity alſo keeps our ſtone-cutters 
here in England unacquainted with the ways of working upon porphyry, which they 
will not undertake either to poliſh or to cut. Nor is England the only country, where 
the art of working upon porphyry (which appears to have been in great uſe amongſt. tho 
Romans) is unknown, though at Reme there are ſome few, that do with great gain exer- 
ciſe it, And though I know not preciſely, what it is they employ, yet I prefume, it 
miy be powder of emery ; for with that, and water, and ſtee b ſaws, I have here in Eng- 
land cau ed a porphyry- ſtone to be cut. And the mention of porphyry puts me in mind 
of telling you, that by an art I have, white marble may be ſo ſtained, and that curably, 
with ſpots great or ſmell. and red or brown, as it pleaſeth the artificer, as I may hereafter 
have occaſion more fully to relate. It would be too long to diſcourſe to you here of 
artificial marble, and divers other things, that ſtone-cutters affirm to belong to their 


trade, wherein you will ſcarce doubt, but that it may be capable * 
| ere» 
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Wherefore I ſhall only add, that whereas this profeſſion does much require very good 
ſteel· tools, and they muſt have theſe from ſmiths, and others that deal in iron, if theſe- 
men's trade were bettered by the naturaliſt, they might be able to afford the ſtone-cutter- 
the better tempered tools; and that even the ſmith's craft, though it ſeem to be merely 
a manual art, is yet capable of much melioration by the knowledge of nature, were not 
difficult to manifeſt, if it were proper here to inſiſt on the proofs of it; yet thus much 
] ſhall here take notice of, to confirm this fourth obſervation, that not only rhe philoſo- 
pher may, as a mineraliſt, and a mechanician, improve the ways of making iron and 
ſteel, before they come to the ſmith's hand, but likewiſe may deviſe better expedients, . 
than are among us in uſe, for the ordering of iron and ſteel, when it comes to be formed 
into weapons and tools. The ſword-blades, and other arms, that are made at Damaſco, 
are very famous every where, and (as far as ſome trials have informed us) juſtly for their 


excellency in cutting even iron. And yet it ſeems to be only the ſkill of the artificers in 


ordering it, that gives the ſwords and other inſtruments made at Damafco ſo great a: 
preheminence above others. For though the gcodneſs of them have been preſumed to 
proceed from that of the iron- mines, and ſteel, peculiar to the region of that city; yet 
the judicious Bellonius ® , having made particular inquiry at his being there, informs us 
otherwiſe, and tells us, that iron and ſteel, being brought thither from other parts (the 
country having no mines of it) receives there from the ſkill of the workmen its temper 
and perfection. And I ſee not, why I may not reaſonably ſuppoſe, that in the temper- 
ing of ſteel, it is not only the goodneſs of the metal, and the determinate degree of- 
heat, though theſe be the only things artificers are wont to look after, that give the beſt 
temper; but that much may depend upon the nature of the liquors, or other bodies, 
wherein the hot ſteel is plunged, and upon other ways of ordering it, if thoſe be ſkilfully. 
choſen and employed. I have had a graver ſo well tempered (but by whom l know not) 
that all the known ways uſed by me and others (who wondered, as well as I, at the un- 
ſucceſsfulneſs of our endeavours) could not deprive it of its temper, as they would have 
done any gravers that we make here; and it was afterwards affirmed to me, that it was 
made of ſteel tempered at Damaſco. 

I may elſewhere tell you, Pyropbilus, both of a way I have tried of hardening gra- 
vers, without quenching them in any liquor or tallow, or any other unctuous body; and 
that having perſuaded an ingenious artificer to try an unpractiſed way of tempering 
gravers, he ſoon after brought me one to ſee the goodneſs of it, which, by being: 
plunged in a certain cheap mixture (wherewith I may hcreafter acquaint you) had been 
hardened and tempered at once; which though moſt artificers would think ſcarce poſſible, 
yet, upon the authority of trial, I ſhall venture to deliver, what ſome may think as: 
ſtrange, namely, that though ignition and extinction in cold water be the common and 
own way to harden ſteel-gravers, yet by that way, only obſerving preciſely a nick of- 
time, ſteel may be made ſtrangely ſoft. But of this more elſewhere. I ſhall now add, 
that having enquired of one of the curiouſeſt and moſt obſerving makers of ſtce] tools, 
whether he did not find a difference in the employing of pump-water, or river- water, in 
giving them their temper, he ſatisfied me, that he did ſo; and obſerved the former to 
be fitter for ſome ſorts of tools, and the latter for others. There may be divers other - 
particulars, wherein iron and ſteel may be improved by the naturaliſts The fiſt may 
be this; that the metal be rendered ſo ſoft, as to be, by the help of ſtrong moulds, put- 
into ſhapes. This an eminent and credible artificer aſſured me, he had often ſeen his+ 
maſter do to iron, with conſiderable profit. Or elſe it may be made fuſible like an- 


* Pp. Bellonius obſervat. Lib. II. cap 93, 
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other metal, as I remember I have (ſometimes, with a certain flux- powder, which 1 
. compoſed, if I much forget not, of tartar, ſulphur, and arſenick) made it run, even 
with a charcoal fire, into a maſs exceeding hard, and very poliſhable. A third way 
may be this 3 that it be ſo ordered, as to be preſerved very long from ruſt, which an 


ancient virtuoſo, who had purchaſed. the ſecret of a rare artiſt for a great prince, and 
uſed to ſnew his friend's ſteel ſo prepared, aſſured me, was done chiefly by. tempering 
it in water well impregnated with the bark of a certain tree. In a word, there may be 
divers other ways, whereby iron or ſtec] themſelves, or their trades that employ them, 
may be meliorated z and to add, that on this occaſion, there are many and very differing 
accounts, upon which a trade or profeſſion may be benefited by the Experimental Phi- 
loſopher; for he may either find out variety of materials, wherewith to perform the 


things deſired by the tradeſman, or he may render thoſe materials. that are already in 
_ uſe better conditioned 3; or he may diſcoyer and reform the unheeded errors and miſtakes 


to be met with in the trade; or he may deviſe more eaſy. and compendious ways of 
producing the effect that is required; or he may improve ſome of the auxiliary trades, 
of which the trade ſpoken. of has need or uſe; or may inſtruct the artificer to chooſe, 
and examine, and preſærve his materials and tools better than is uſual, or can make the 
ultimate productions of his trade ſooner, or cheaper, or eaſier, or better conditioned, or 
applicable to more uſes, or more durable, than they are commonly made. Nor are theſe 


all the particulars that might here be enumerated to the ſame purpoſe, if this fourth con- 
ſideration had not detained us too long already, 


rin 


Tux vaturaliſt may increaſe the power and goods of mankind upon the account of 
trades, not only by meliorating thoſe that are already found out, but by introducing 


new ones, partly ſuch as are in an abſolute ſenſe newly invented, and partly ſuch as are 
.unknown in thoſe places, into which he brings them into requeſt, For it were injurious 


both to nature and to man, to imagine, that the riches of the one, and the induſtry of 


the other, are ſo exhauſted, but, that they be brought to afford new kinds of employ- 


ments to the hands of tradeſmen, if philoſophical heads were ſtudiouſly employed to 
make diſcoveries of them. And here I conſider, that in many cafes, a trade differs 
from an experiment, not ſo much in the nature of the thing, as in its having had the 
luck to be applied to human uſes, or by a company of artificers. made their buſineſs, in 
order to their profit; which are things extrinſical, and accidental to the experiment itſelf, 
To illuſtrate this by an example ; the flaſhing exploſion made by a mixture of nitre, 
brimſtone, and charcoal, whilſt it paſt not farther than the laboratory of the monk, to 
whom the invention is imputed, was but an experiment; but when once the great 
(though unhappy, uſe, that might be made of it, was taken notice of, and mechanical 
people reſolvciſ to make it their profeſſion and buſineſs, to make improvements and ap- 
plications of it; th 's ſingle experiment gave birth to more than one trade; as namely, 
thole of puwder-makers, founders of ordnance, gunners (both for artillery and mortar- 
pieces) guaſmiths; under which name are comprized ſeveral ſorts of artificers, as the 
makers of muſkets, ſmall piſtols, common barrels, ſcrewed barrels, and other varieties 
not here to be inſiſted on. 

Tre diſcovery of the magnetical needle's property to reſpect the poles has given oc- 
caſion to the art of making ſea compaſſes, as they call them, which in London is grown 
to be a paiticular and diſtinct traue. And divers other examples may be given 1 the 

ame 
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fime purpoſe z eſpecially where mechanical tools and contrivances co-operate with the 
diſcovery of nature's production. So that oftentimes a very few mathematical ſpecula- 
tions, or as few phyſical obſervations, being promoted by the contrivance of inſtruments, 
and the practice of handicrafts men, are turned into trades ; as we ſee, that a few dio 
trical theories lighting into mechanical hands, have introduced into the world the manu- 
factures of ſpeCtacle-makers, and of the makers of thoſe excellent engines, teleſcopes, . 
and microſcopes. | 

Tus obſerving, that though quickſilver will amalgame with gold (and thereby ſeem 
to be deſtroyed, which made Pliny think it an enemy to metals) yet it may be ſeparated 
from the gold again, without diminution of that noble metal, has brought forth the 
trade of gilders, whoſe art conſiſts chiefly in mixing, by the help of a competent heat, 
good gold with five, ſix, or ſeven times its weight of quickſilver, until the mixture 
come of ſuch a conſiſtence, that they may ſpread it as they pleaſe upon the filver or cop- 
per to be gilt. For having by this means overlaid it evenly with gold, they can eaſily. 
with fire force away the mercury ; and, with a liquor impregnated with nitre, verdi- 
pris, ſal armoniack, and other ſaline bodies, which they call a colouriſh, reſtore its 
luſtre to the remaining gold, which they after make bright by poliſhing. 

Tux almoſt obvious and trivial obſervation made by ſome ſagacious perſon (whoever - 
it was) that a ſpring was a phyſical, continual, and durable power or force, and the 
corollary he thence deduced, *<* that this force, ſkilfully applied, might be equivalent 
* to the weights that were thought neceſſary to move the wheels of clocks :** theſe 
reflections, I ſay, joined with a mechanical contrivance, produced thoſe uſeful little 
engines, watches, that now afford a plentiful livelihood to ſo many dexterous artificers ; 
which, though cuſtom has made familiar to us, yet were unknown to, the ancients, and 
highly prized and admired in China itſelf, when firſt (in the laſt century) brought thither. 
The diſcovery of the virtue of aqua fortis, to diſſolve ſilver and copper without working 
upon gold, added to the obſervation, that lead melted with either of the two noble 
metals, and then forced from them by fire, will carry away with it any of the baſer 
metals that may have been mixed with them; theſe two particulars, I ſay, have begot 
in latter ages the art of the refiners we now have. 

Men's having obſerved the operations of ſome lixiviums, clays, and a few other 
familiar things upon the juice of the ſugar-cane, has not only occaſioned the adding of 
the culture of thoſe reeds to the other parts of huſbandry left us by the antients; but 
his produced the ſeveral trades of ſugar-boilers, or makers of ſugar, refiners of ſugar, . 
and confectioners; not to mention the great addition the concreted juice of the ſugar- - 
cane brings to the apothecaries profeſſion, upon the ſcore of ſyrups, conſerves, electua- 
ries, and other ſaccharine medicines. Nay, a very ſlight manual contrivance or ope- - 
ration, if it light fortunately, may ſupply men with a trade, as in the art of printing. 
To which I ſhall only add, that in China, and ſome other eaſtern parts, the lucky. 
trial that ſome made to bore very ſmall holes through Porcellane or Chins-cups, and 
employ very (lender wire inſtead of thread or ſilk, has given being to the vulgar trade 
oi thoſe people, that go up and down in thoſe countries, as tinkers do with us, getting 
their hivehhood by ſewing together the pieces of cracked or broken Por cellane veſick,; as 
I have been informed by more than one credible perſon that lived in the Eaſt, and had 
experience of the uſe of cups ſo mended, though filled with liquors as hot, as they are 
wont 1n the Eaft to drink their coffee and tea. 

Tus mention freſhly made of China brings into my mind, that whereas the knowledge 
of ſome gums and liquors in that country atforded thoſe uſcful as well as moſt beautiful 
varniſhes, which we call by the name of the kingdom that ſupplies us with them, and 


Ww kick. : 


— 


Po, — 
5 2 
* 3 4 "y * 2 2 by 6 _ 
_ a * — - „ „ 

—_— _ , — * - — 

- * * 

—— — - . — —. —— - 

4 „ a 


—_ 
— 


—_ Ee 


—— r * = 4 
Mg th 
4 > 5 a PIO > * a. LY 
* a - um 0 —— — 2 — 


OPS . —̃ä—ů— ——⏑Fçj — ie LE Ss _ w— 
1 - a 
4 3 


— 
: oy — CO _ —- — 
— — 22 *» — — _ — * 
+. 4 4. * — * — — = — 1 — 
WW aun awoas 1 OI — my 
- , . . — * . - —— — . 


— _- — Ds - p _ * — 
. ˙ :! ¶ . % ˙A —— w- et 9 


2 . 
ns 


d OI: noe 2 —e 
LEE © kd — 
M wi, 
0 on — * mw IT _ * » . 
_ — „ cows ure + „ ͤ ——: 7 w 
0 * 34 
1 2 © 5 


416 


The Uſefulneſs of Experimental Philoſophy. 

Which do both there, and in Japan, employ multitudes of tradeſmen ; I am credibly in. 
formed, that the art of making the like varniſhed wares is now begun to be a trade at 
Paris, and 1 doubt not but it will before long be ſo in London too. For though ſome 
accounts, that were given me by virtuoſi, of that varniſh, were ſuch; that the trials of 
them did very ill anſwer expectation; yet having read in Linſcboten's voyages, that in 
Cbina and Japan they make this excellent varniſh of gum lacca, I found by ſome trials, 
that I was able to imitate one of the beſt ſorts of it, by diſſolving the gum in high recti- 
fied ſpirit of wine *, and then giving it a colour, and laying it on in ſuch a manner, as 
1 may have before long a fitter occaſion to inform you. | 

And without much impropriety, I might alledge the art of cultivating and gathering 
ſugar-canes, and of ordering their juice, as a recent inſtance of the tranſplanting of arts 
and manufactures. For, as I am informed by very credible relations, there are not v 
many years effluxed, ſince, in our memory, a foreigner accidentally bringing ſome ſucar- 
canes, as rarities, from Brazil into Europe, and happening to touch at the Barbadzes, 
an Engliſh planter, that was curious, obtained from him a few of them, together with 
ſome hints of the way of cultivating and uſing them. Which, by the curioſity and in- 
duſtry of the Engliſh colony there, were in a ſhort time ſo well improved, that that 
ſmall iſland became, and is ſtill, che chief ſtorehouſe, that furniſhes not only England, 
but Europe, with ſugars. And this inſtance I the rather mention, becauſe it is alſo a 
vcry notable one, to ſhew how many hands the introduction of one phy ſico- mechanical 
art may ſet on work; fince I have had particular opportunity to learn by enquiry, that 
the negroes, or, as they call them, blacks, living as ſlaves upon that ſpot of ground, 
and employed almoſt totally about the planting of ſugar-canes, and making of ſugar, 
amount at leaſt to between five and twenty and thirty thouſand perſons. And, 


that you may ſee how lucriferous in that place this recent art of making ſugar is, not 


only to private men, but to the publick ; 1 ſhall add, that by divers intelligent and ſober 
perſons intereſted in the Barbadoes (and partly by other ways) I have been informed, 
that there is, one year with another, from that little iſland, which is reckoned to be 
ſhort of thirty miles in length (and fo I found it, by meaſuring it on one of the faireſt 
and recenteſt maps) ſhipped off for England, eſpecially, ten thouſand ton of ſugar, each 
ton being eſtimated at two thouſand pounds weight, which amounts to twenty millions of 
pounds of that commodity z which, though it may ſeem ſcarce credible, yet one of the 
ancient magiſtrates of that iſland lately aſſured me, that ſome years it affords a much 
greater quantity. | | 

I SHALL not fortify what I have hitherto diſcourſed with particulars that will elſewhere 
more properly fall in; it being ſufficient for my preſent purpoſe, that the inſtances al- 
ready mentioned may render it probable, that the experimental philoſopher may not only 
improve trades, but multiply them, till I have occaſion in the laſt eſſay of this book, to 
make it out more fully. Nor do I de'pair, that among other ways, whereby trades will 
be increaſed, one may be the retrieving ſome of thoſe, that were anciently practiſed, 
and ſince loſt; of which we have a catalogue in the learned Pancirollus. For as it is the 
{ſkilful diver's work, not only to gather pearls and coral, that grew at the bottom of the 
ſea, and ſtill lay concealed there; but allo to recover ſhipwrecked goods, that lay buried 
in the ſeas, that ſwallowed them up: ſo it is the work of the experimental philoſopher, 
not only to dive into the deep receſſes of nature, and thence fetch up her hidden riches 
but to reciver to the uſe of man thoſe loſt inventions, that have been ſwallowed up by 
the injurirs of time, and lain buried in oblivion, This I do not ſay altogether ground- 


* Seethe Append.x to Eſſay V. len 
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leſly, though for ſume reaſons I here decline mentioning the things, that induced me to 
ſay it. 


SECTION VI. 


To what has been hitherto ſaid I ſhall venture to add, not only, that the ſagacious. 


philoſopher may better moſt of the trades that are already in uſe, and add to the number 
of mechanical employ ments; but that I am apt to think it might, without much hyper- 
bole, be affirmed, that there is not any one profeſſion or condition of men (perhaps ſcarce 
any fingle perſon of mankind) that may not be ſome way or other advantaged or accom- 
modated, if all the truths diſcoverable by natural philoſophy, and the applications that 
might be made of them, were known to the perſons concerned in them. So that beſides 
thoſe diſcoveries that are compiled or formed into trades, there are, and may be found 
a multitude of looſe particulars, whereby the naturaliſt may much gratify and aſſiſt men, 
according to the exigency of particular occaſions. The nature of the thing will ſcarce 
rmit me to illuſtrate ſo unlikely an aſſertion, without employing inſtances in themſelves 
trifling, if not deſpicable z of which I will therefore give you but a few, becauſe, if they 
were not pertinent to my preſent purpoſe, they would be fitter to divert than inform 
ou. 
: I nap, not long ſince, the honour to be known to a very great court-lady, who was 
much troubled, that having frequent occaſion to write letters, ſhe could ſcarce handle a 
pen without blacking her fingers with ink. I ſmilingly undertook to make her write 
without ink, which I myſelf was formerly wont to do, by firſt preparing my paper with 
2 powder made of copperas, ſlightly calcined upon a fire-ſhovel, till it grow friable, and 
calls, and gum-arabick finely pulverized, and exquiſitely incorporated with the vitriol 
in a certain proportion; which, though a few trials will better teach than rules (becauſe, 
according to the goodneſs and calcination of the vitriol, the proportion of the other in- 
gredients muſt ſometimes be varied) yet to aſſiſt you in your firſt gueſſes, I ſhall tell 
you, that, for the moſt part, I uſed myſelf three parts of calcined vitriol, two parts of 
galls, and one part of gum-arabick, and mixed them not before I was ready to employ 
them; for this powder being with a hare's foot, or any other convenient thing, care- 
fully rubbed into the paper, and the looſer duſt ſtruck off, doth, without diſcolouring 
it, fo fill its pores with an inky mixture, that, as ſoon as it is written upon with a clean 
pen, dipped in water, beer, or ſuch other liquors, the aqueous part of the liquor diſſolv- 
ing the vitriolate ſalt, and the adhering particles of the galls, makes a legible blackneſs 
immediately diſcover itſelf on the paper. This mention of writing brings into my 
mind, that ſeveral times having had occaſion to make a word or two, that was bur lately 
written, look as if it had been written long before, I performed it, by lightly moittening 
the words I would have to look old with oil of tartar per deliquium, allayed with more 
or leſs fair water, according as I deſired the ink ſhould appear leſs or more decayed; 
which experiments may be often uſeful in manuſcripts, to keep the recent interlineations 
or other additions from betraying themſelves by their freſhnels not to have been written 
at the ſame time with the reſt of the manuſcript. | 
Axp the deſign I had in making uſe of the lately mentioned powder of galls and cop- 
Peras puts me in mind of another way of writing without ink (and too without danger 
of blacking one's fingers or linen) which I remember I have practiſed ſometimes with 
one powder, and ſometimes with another. For conſidering, that common filver being 
rubbed upon bodies, whoſe ſurfaces are a little rough, and even upon coloured cloth, 
Vol. III. 3 G the 
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the metal would leave a blackneſs on it, it was eaſy to conclude, that if the ſurface of 
the white paper were aſperated by a multitude of irregular grains of a powder as white 
as it, would retain a blackneſs, wherever a blunt ſilver bodkin ſhould be drawn over 
the grating particles: and accordingly I found, that either exquiſitely calcined hartſ. 
horn, or clean tobacco- pipes, or (which is better than that) mutton- bones (taken between 
the knuckles, and) burnt to a perfect whiteneſs, being finely powdered and ſearſed, and 
well rubbed upon paper, would make it fit to be written 0 with the point of a ſilver 
table · book pin, or bodkin of filver (which metal is not abſolutely neceſſary in this caſe,) 
as well as that, which is called mathematical paper, (if the being prepared with one, 85 
other of theſe powders, do not make it the ſame.) 1 
AnD now I am upon the mention of ſuch preparations of paper, I remember, that 1 
was Once in a place, where I could get no white leaves, to ſupply a fine table-book that 
I had much uſe for ; nor could I hear of any tradeſman in the whole country, that 
knew the way of making ſo much as ordinary table-books ; wherefore I bethought 
myſelf of trying to make ſomething by way of ſuccedaneum, which ſucceeded at the 
firſt attempt. And though there may be better ways to make white table-books, yet 
perhaps you will find none more ſimple and un & the two only ingredients we had in 
it, being to be had at every apothecary's ſhop. I only take ceruſs, rubbed to very fine 
powder, (which is done in a trice) and temper it up with fair water glutted with clear 
gum-ariback. With this mixture (being brought to the conliſtence a ſomewhat thick 
ſalve) I rub over the paper I prepare, putting on more or leſs, according as I would 
have it laſt ; and having ſuffered it to dry (which it will quickly do) it may, if there be 
occaſion, be preſently uſed with the point of a ſilver- pin, which will make the letters 
appear very con'picuous upon a mixture, that does not at all impair the whiteneſs of 
the paper; and what was thus written I could, with ſpittle or water, blot out three or 
four times ſucceſſively without ſpoiling the paper. Which queſtionleſs had been much 
better prepared, if divers couches of the mixture had been laid on, and ſuffered each 
to dry, and if afterwards the paper had been ſmoothed by being ſcraped with a knſe, 
and poliſhed. | 
A vey ingenious artificer, who had contrived an inſtrument uſcſul to others, and 
rofitable to himſelf, whereof an abſolute neceſſary part was a glaſs filled with fair water, 
and exactly ſtopped, complained to me, that though his inſtrument did exceeding well 
in all but froſty weather, yet then it was apt to be ſpoiled by the freezing of the in- 
cluded liquor, which too often broke the glaſs. Whereupon I taught him to remedy 
it, by ſubſtituting, inſtead of water, good ſpirit of wine, which nas not in our climate 
been obſerved to freeze; or rather, (becauſe in his bigger glaſſes, that liquor would be 
chargeable) cither ſea-water ſtrengthened with a little ſalt, or elſe common ſpring-water 


with a twentieth, or at moſt a tenth part of falt diſſolved in it. For though this brine. 


Ick, if well made, as clear as common water, yet I have not obſerved, that the ſharpeſt 
of our Engliſh winters would make it freeze. 

To a perſon of quality, that was very curious of the way of writing ſecretly, I under- 
took to teach an eaſy way (which after I knew it, I found alſo in an old printed book) 
of ſending a written meſſage, without putting it into the power of the bearer to betray 
it; which I could eaſily have performed myſ-If, if the meſſage were to be delivered in a 
ſhort time, and not too far off, by writing on his back, or other convenient part of his 
body, with a clean pen dipped in my own urine, (there being ſome urines, with wiac 
I have found, to my wonder, that the experiment would not ſucceed ) For if he, that 
reccives the meſſage, rubs but a little of the black ſubſtance remaining of paper after it is 


burnt, thoſe ſable parts adhering to thoſe other of the liquor that lurk yet in the pores : 
che 
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the ſkin (whence, if the meſſenger went faſt, and very faſt, the ſweat would probably 
dilodge them) do denigrate all that was written, and make it legible enough, ſome- 
times, as I have tried, after many hours. | 

| REMEMBER too, that intending one ſummer to make ſome abode at a houſe I had in 
the country, I ſent for from London, among other things, a quantity of damaſk table- 
linen, with which he that ſent it me, inconſiderately packed up a great pot of a certain 
confection, which, for ſome purpoſes, I had cauſed to be made of the pulp of ſloes, 
which, by agitation of the horſe it was carried on, being brought to ferment, and run 
out of the broken pot, ſtained all the new damaſk from the top to the bottom. Ar 
which an old domeſtick of mine (whom you remember very well) ſeeming much 
troubled, becauſe he had ſent for it; to convince him, that exp:rimental philoſophy was 
not altogether uſeleſs, I ſteeped the tained linen, for ſome convenient tours, in new 
milk ; and afterwards cauſing it to be thoroughly and diligently waſhed in the like 
liquor, the damaſk came forth unſtained, and almoſt as white as it. What urine, if 
duly and long enough employed, may do to take ſtains, even of ink, out of linen, is 
but to be hinted in this place; where I might add, that with ſtrong ſpirit of ſalt, where- 
with [ moiſtened, as often as was needful, the ſpotted places (firſt wetted with fair wa- 
ter) I have out of new linen taken ſpots of ink (eſpecially freſh ones) of very differing 
ſizes, without leaving (after the linen was well waſhed out in fair water) any of thoſe 
yellow ſtains which many call iron-moles, 

Some ingenious perſons, that deal much in lixiviums and brines, complaining the 
other day, that beſides that they could not ſometimes eaſily come at an egg, to try, by 
its ſinking or floating, the ſtrength of the ſaline liquors they would examine, there 
needed a good quantity of liquor to make ſuch a trial in, I allowed their complaint to 
be juſt, and the rather, becaule I obſerve, for nicer eſtimates of the ſtrength of liquors, 
the trial by eggs is uncertain enough, in regard, that even the ſame egg will, as I 
have found, by being kept, grow lighter, whence ſtale eggs have uſually a great cavity 
(that ſeems filled only with air) at the bigger end: and I told them, to omit the more 
artificial, but more difficult, ways of examining ſuch liquors, I ſometimes uſed a way, 
whereby I could try the ſtrength of the lixiviums made with chymical ſalts, though I 


had not above a thimbleful of the liquor, and this with a body, that will not eaſily 


waſte like an egg, and therefore may be kept. For I ſubſtituted, inſtead of the egg, a 
ſmall piece of amber, about the bigneſs of a pea, which in a very ſtrong ſolution of 
lixiviate ſalt will, as I let them ſee, ſwim on the top, but ſink in a weak one. And as 
you may take a piece of amber, leſs or bigger than a pea, as beſt fits your occaſions, 
and need not be at all ſcrupulous about the figure, (provided the amber be once well 
ducked in the liquor ; ſo it is ſome convenience, that two pieces of amber, whereof the 
one is far more reddiſh, and the other paler, will be, as far as I have tried, of ſome what 
11 95 ſpecifick gravities, ſo that the one will float in ſome liquors, wherein the other 
will fink, 

I REMEMBER I was once in a country, where J had a great mind to try ſome things 
with Dantzick vitriol, or ſome other blue copperas, but, by reaſon of the wars, cuuld 
not poſſibly procure any, though there were in that country a place, where green vitriol 
was made by the help of iron : wherefore getting ſome of that liquor, which the rain 
had waſhed from the copperas ſtones, I did, by putting into ir a convenient quantity of 
Copper, reduced into ſmall parts, make the newly mentioned liquor, ſerve for 2 men- 

ruum to work upon the metal, and by exhaling the lolution to a due conſiſtence, I ob- 
tained the blue venereal vitriol I deſired. And the like, I doubt not, may be done with ſuch 
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of thoſe common green vitriols made of iron, wherein the ſaline part is not too much 
ſatiated with the martial. 

An ingenious and well known perſon, that is a great dealer in cyder, coming to viſit 
me, and expreſſing a great deſire to be able to make ſome that would be ſtronger, and 
thereby likelier to keep longer than the ordinary way, I extempore directed him to an 
unuſual courſe, for which he afterwards came to give me ſolemn thanks. The way was 
to take the ſtrained juice of apples, and in ten or twelve gallons thereof to ſteep for 2, 
hours (more or leſs) about two buſhels of the ſame kind of apples groſly bruiſed : the 
apples being lightly expreſſed, the infuſion was (with freſh) repeated once more, (care 
being to be taken, that the infuſion be not made too ſtrong and thick, which may hin- 
der the ſeaſonable clarification of the liquor.) | | 

Ir was not perhaps difficult to mend this preſcription z but I give you the account of 
it, as I received it from him, hecauſe he aſſured me, that none of his many trials had 
furniſhed him with cyder ſo well bodied, and ſo much applauded. The cautions that 
belong to this practice, and the various applications that may be made of this way of 
making vinous liquors of fruits, without additions (ſo much as of water,) by infuſion, 
and the varyings of the experiment according to particular caſes, I muſt not here ſtay to 
mention. | 

Ir was not long ſince, that accidentally rummaging in a dark place, where I had not 
of a long time been, and where unknown to me ſome chymical glaſſes, negligently ſtop- 
ped, and not written on, had been put:z one of them falling down made two or three 
great ſtains in the conſpicuouſeſt part of a new ſuit I had then on; and would have 
obliged me to leave it off, but that judging by the nature of the ſtain, that it was made 
with ſome acid ſpirit, I tried, by ſmelling to them, whether among the other bottles, 
one or other had not ſome urinous, or otherlike ſpirit ; and lighting on a liquor, which, 
though I know not what it was, I gueſſed by the ſtink, to abound with volatile ſalt, I 
bathed the ſtained parts well with it, and in a trice reſtored them to their former co- 
lour. And, by alike way, I have preſently remedied the diſcolorations made by ſome 
ſharper and fretting liquors, of died garments of other ſorts and materials, which thoſe 
blemiſhes would elſe have rendered altogether unfit for wearing. 

AnoTHER time, diſcourſing with a ſtateſman of the ways whereby well-meaning per- 
ſons may be injured and defamed, I undertook, that out of a parchment-writing, with 
his hand annexed, I would take out all that was written above his name, without ſpoil- 
ing or disfiguring the parchment, on which I would afterward write what I pleaſed, and 
whereby I make people believe, that he had acknowledged under his hand ſuch things, 
as never came into his thoughts. And to ſatisfy him of the poſſibility of this, I did 
in a few minutes take off from the parchment all that was written on- it, without de- 
facing the parchment. Some attempt to free paper from what is written upon it with 
aqua fortis, but, that by diſcolouring the paper, make men apt to ſuſpect ſome intended 
deceit. And for the true way of performing ſuch an effect, and divers others of the 
like nature, which I have ſometimes for curioſity proſperouſly experimented, I think it 
much fitter to be concealed than communicated ; becauſe if ſuch ſecrets ſhould fall into 
the hands of perſons inclined to miſ-apply them, they might very much diſturb human 
ſociety. And therefore it is better men ſhould want the light afforded them by ſuch ex- 
periments, than be brought into the danger of ſuch miſchiefs, as they may be made to 
ſuffer by the miſ-imployment of ſuch dilcoveries. - | | | 

I REMEMBER, that not long ſince, a virtuoſo happening to have made a ſolution of 
gold, wherewith he thought to make aurum fulminans, thought he had cauſe to ſuſpect, 


that it had been enbaſed with copper, and therefore would not be fo fit for his work ; 
where- 
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whereupon I conſidered with myſelf, that a good urinous ſpirit being employed inſtead 
of the uſual menſtruum (oil of tartar,) as it would precipitate-gold out of aqua regis, ſo it 
would readily diſſolve copper, I conjectured, that by the affuſion of ſuch a liquor I might 
both diſcover, whether the ſolution (whoſe colour did not at all accuſe it) contained any 
copper, and if it did free the gold in great part from the baſer metal: and indeed I 
found, that after the urinous ſpirit had precipitated the gold into a fine calx, the ſuper- 
natant liquor was highly tinged with blue, that betrayed the alloy of copper, that did not 
before appear. 

Hor you think, Pyrophilus, that it is becauſe theſe inſtances are more pertinent to 
my deſign, than many others (that might have been ſubſtituted) in themſelves more va- 
juable, that I have mentioned ſuch inconſiderable ones; and I ſhall not repent the naming 
of ſuch inſtances, if they have let you ſee, that even mean experiments are not to be 
deſpiſed, but, that the meaneſt may be ſometimes, not only uſeful, but more proper 
to convince ſtrangers to natural philoſophy of the manifold uſes of it, than experiments 
of a higher and abſtruſer nature. For as in a ſhipwreck, it may more advantage the diſ- 
treſſed pilot to know the ſupporting nature of a bladder filled with wind, though other- 
wiſe but a deſpicable and airy thing, than to know the abſtruſeſt properties of the magne- 
tick needle ; ſo, in ſome cafes, the more obvious and ſlight experiments may be much 
more welcome and ſerviceable to us, than others at other times much more conſiderable, 
So true is that of the wiſe man, That every thing is beautiful in its ſeaſon. 

Fox my part, I am very apt to hope, that natural philoſophy will prove more and. 
more ſerviceable, both to ſingle perſons in their particular occaſions, and to trades them- 
ſelves in general; as by other ways, ſo eſpecially by making a further ſearch into, and 
thereby detecting new qualities, or diſcovering unheeded uſes, of the productions of na- 
ture, and of art, that are already known. | 

I wiLL not here take notice of what may be further hoped for in the detection of me- 
dical virtues of things, becauſe I treat of that ſubje& in a more proper place: and as for 
the mechanical uſes (if I may ſo call them) and applications of the works and laws of 
nature, though he that gazes upon the ſeemingly great varicty of productions to be 
met with among tradeſmen, and in the ſhops of artificers, may be tempred to think, 
that art has curiouſly pryed into, and imployed, almoſt all the materials that nature 
could afford it; yet he that ſhall more narrowly and ſeverely conſider them, may eaſily 
diſcern, that tradeſmen have really dealt with but very few of nature's productions, in 
compariſon of thoſe they have left unimployed; and, that for the moſt part, they have, 
in the things they daily converſe with, ſcarce made uſe of any other, than the more ob- 
vious qualities of them; beſides ſome few more lurking properties, which either chance, 
or a lucky ſagacity, rather than inquiſitiveneſs or ſkill, diſcovered to them. And indeed 
this great variety of productions we have mentioned, proceeds more from a manual dex- 
terity of diverſifying a ſmall number of known things into differing ſhapes, than either 
from the plenty of natural or artificial productions they work upon, or any: diligent or 
accurate ſearch made into the qualities of thcſe productions. But becauſe, to a conſider- 
ing man, it cannot but be obvious enough, that the uſes of the things they deal in, and 
much more thole of other concretes, which they are not engaged to obſerve, have not 
been hitherto ſufficiently enquired into; I ſhall content myſelf to add, that if men 
were but ſenſble enough of their own intereſt, and in order thereunto would keep their 
eyes heciitully open, partly upon the propertics of things, and partly upon the applica- 
tons that may be made of thoſe properties, to this or that ute in human hie, they 
might not only diſcover new qualities in things, ſome of whi.h might occaſion new 
trades,) but make fuch uſes of them, as the diicoveries themſelves would never before- 
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hand have ſuſpected or imagined: whereof I may, God permitting, give you elſewhere 
divers inſtances. | 


SE C10: NV. 


ArTex the foregoing general conſiderations (about the uſefulneſs of natural philoſophy 
to the empire of man over things corporeal,) which I thought fit to take notice of in this 
firſt eſſay, it remains, Pyrophilus, that J alſo add a word or two about thoſe that are 
to follow. 

And firſt you muſt not expect, that I ſhould methodically enumerate, and particularly 
diſcourſe to you of all the grounds, and motives I may have of looking for great advan- 
tages to accrue to mankind by men's future progreſſes in the diſcovery of nature. To 
entertain you with conſiderations, which perchance you would judge but ſpeculative and 
remote conceits, would exceed my leifure, and perhaps be unwelcome to you; and 
therefore I chooſe to confine myſelf to the inſiſting on thoſe grounds of expectation, 
which I can render probable by examples and inſtances of what is already actually at- 
tained to, or at leaſt very likely (in no long time) to be ſo. And this advertiſement I 
thought neceſſary to premiſe, partly indeed, that you may not think, that 1 have 
overlooked all the particulars pertinent to my ſubject, that I ſhall leave unmentioned, 
but much more, that you might not ſuſpect, that there are no other inducements to 
hope much from experimental philoſophy, than thoſe you will find treated of in the fol. 
lowing eſſays. And this one thing in particular I. dare not forbear to give you notice 
of, that for the freſhly intimated reaſon, you will there find omitted one of the principal 
grounds of hoping great matters from improved phyſiology ; namely, that by the fa- 
gacity and freedom of the lord Verulam, and other lights of this age, conſidering men 
are pretty well enabled both to make diſcoveries, and diſcern a poſſibility of removing 
all the impediments, and other cauſes of barrenneſs, that have hitherto kept phyſicks 
from bemg conſiderably uſeful to mankind ; ſuch as many falſe and fruitleſs doctrines of 
the ſchools ; the prejudices by which men have been hitherto impoſed on about ſub- 
ſtantial forms, the unpaſſable bounds of nature, the eſſential difference betwixt natural 
and artificial things, &c. a too plauſible deſpondency ; a want of belief that phyſicks 
much concerned their intereſts ; want of encouragement ; want of natural hiſtory z want 
of curioſity ; want of a method of enquiring z want of a method of experimenting ; 
want of phyſical logick ; want of mathematicks and mechanicks; want of aſſociated en- 
deavours ; to all which but too many other particulars might be added. 

2. Tou will not think it ſtrange, that in the following tracts much of the uſefulneſs, 
for which I would recommend phyſicks, ſuppoſes future proficiency in them, if you 
conſider the nature of my deſign; which is not to make an elogium of natural philo- 
ſophy, imperfect as it yet is, but to ſhew, that as it may be, and probably will be, 
improved, it may afford conſiderable advantages to mankind. And fince, as I long ago 
intimated to you, my purpoſe in this book is to invite you, and aſſiſt you to invite 
other ingenious men, to a farther ſtudy of nature, it is very agreeable to my deſign, to 
repreſent the greateſt benefits I make it promiſe you, as effects and recompenſes of your 
future attainments : and I ſhould allowably enough diſcharge my part in this treatiſe, if 
I ſhould not do any more (which yet I hope I ſhall do) than give you reaſonable induce- 
ments to entertain high expectations of the fruits, that may be gathered from natural 
philoſophy, if it be induſtriouſly and ſkilfully cultivated : and the very rendering m4 
expecta- 
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expectation probable, I take to be a good ſtep towards. the attainment of the things 
expected; many of which would queſtionleſs be obtamed, if men were thoroughly 
perſuaded, that they are moſt worthy to be endeavoured, and very poſſible to be com- 
paſſed, And therefore I wonder not, that ſo judicious a friend to philoſophy and man- 
kind, as Sir Francis Bacon, ſhould in ſeveral places repreſent men's opinions of the im- 
olſibility of doing great matters of the nature of thoſe things we are ſpeaking of, as 
one of the chief obſtacles ro the advancement of real and uſeful learning : and I the 
rather inſiſt on the things, that may heighten your expectations, not only becauſe 
many prudent and I-arned men, who have been bred in the philoſophy of the ſchools, 
are apt to judge of all philoſophy by that, which tor ſo many ages has been barren, as 
to uſeful productions, (though fruitful enough in controverſies,) but becauſe I have met 
with ſome moroſe authors, and others as deſpondent perſons, who, becauſe they have 
un'ucc:{sfully attempted to perform things according to the preſcriptions of ſome unfaith- 
ful writers of natural philoſophy, fall preſently to believe themſelves, and to perſuade 
others, that nothing conſiderable is now (at leaft without almoſt inſuperable difficulties) to 
be performed by natural philoſophy itſelf, eſpecially, whilſt men amuſe themſelves about 
ſpeculations and trials, that ſeem not to tend directly to practice; our anceſtors havin 
had the luck to light upon all the profitable inventions, which ſkill in phyſiology is able 
to ſupply mankind with. But (to take notice firſt of what was laſt ſuggeſted) I make 
no doubt, but that many experiments, whereby men are not preſently enabled to do 
what they could not before, may yet be very uſeful to men's intereſt, by diſcovering 
or illuſtrating the nature or cauſes of things. For though that famous diſtinction, intro- 
duced by the lord Verulam, whereby experiments are ſorted into luciferous and fructi- 
ferous, may be (if rightly underſtood) of commendable uſe z yet it would much miſ- 
lead thoſe, that ſhould ſo underſtand it, as if truclierous experiments did fo merely ad- 
vantage our intereſts, as not to promote our knowledge; or, the experiments called 
luciferous, did ſo barely enrich our underſtandings, as to be no otherways uſeful. For 
though ſome experiments may be fitly enough called luciferous, and others fructiferous, 
becauſe the more obvious and immediate effect of the one is to diſcover to us phy ſiolo- 
gical truths, and of the other, to enable us to perform ſomething of uſe to the profeſſor; 
yet certainly there are few fructiferous experiments, which may not readily become 
luciferous to the attentive conſiderer of them. For by being able to produce unuſual 
effects, they either hint to us the cauſes of them, or at leaſt acquaint us with ſome of 
the properties or quali:i-s of the things concurring to the production of ſuch effects. 
And on the other ſide thoſe experiments, whoſe more obvious ule is to dctect to us 
the nature or caules of things, may be, though leſs directly, and in ſomewhat a remoter 
way, exceeding fructiferous. For fince, as 1 have formerly obſerved, man's power over 
the creatures conſiſts in his knowledge of them; whate-er does increaſe his knowledge, 
docs proportionately. increaſe his power. And p-rhaps I ſhould not much hyperbolize, 
if I ſhould venture co ſay, that chere is ſcarce any conſiderable phyſical truth, which is not; 
as it were, t2eming with profitable inventions, an may not by human ſkill and induſ- 
try, be male the fruitful mother of divers things uſeiul, either to mankind in general, 
or at leaſt to the particular diſcoverer and dexterous applier of that truth. To coun— 
t-nuice this opinion of mine, I have already given you ſome inſtances, and reſerve more 
for the laſt eli;ys of this treatie; eſpecially having obſerved it to have been a fault, 
Wie though prejudicial enough to the intereſt of mankind, is very incident to the 
nne and i.vere foit of phioſophers, and perhaps more to them, than to others, 
o co y thing to be impoſmnble, or, at leaſt, unfit to be attempted, that 
Cannot 
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cannot be performed by the already known qualities of things and ways of applying 
them; without conſidering, that as many ſimples of excellent virtues grow in wilder. 
neſſes, and not by the highway's ſide, ſo divers admirable properties of things may be 
found, out of the cuſtomary progreſs, or beaten roads (if I may ſo ſpeak) of na- 
ture; and that philoſophers are oftentimes deceived, when they think they may 
have made a true and perfect analyſis of the poſſible ways, whereby ſuch and ſuch 
effects may be produced. For nature by her ſubtlety oftentimes tranſcends and illudes 
the greateſt ſubtlety of human ratiocinations. And as ſhe may have quite other ways 
of working than we are aware of, ſo the knowledge of ſome peculiar and concealed 
property of a thing may enable them, that are acquainted with it, to perform that 
with eaſe, which, by the known qualities of things, is either not at all to be performed, 
or not without great difficulty. 

Tunis ſeeming paradox you may find in due place confirmed; and in the mean while, 
to return to thoſe learned men, who having attempted ſome things, and poſſibly per- 
formed a few in natural philoſophy, would keep the world from expeCting .any great 
matters from it, I ſhall venture to ſay of them, that as the Jewiſh ſpies, though they 
brought their countrymen out of the land of Canaan, ſome few of the goodly fruits of 
that ſoil, yet bringing them withal a diſcouraging account of the difficulties they were 
like to meet with in conquering it, did the Iſraelites more harm by their deſpondency, 
than good by their fruits; ſo divers of the authors we are ſpeaking of, though they 
may have preſented us with ſome acceptable fruits of their enquiry into experimental 
learning, yet by bringing up an ill report concerning the ſtudy of it, and thereby deter- 
ring irreſolute perſons from addicting themſelves ſeriouſly to it, they have more preju- 
diced them by their deſpondency, than advantaged them by their experiments. And 
though I dare not, a chymiſt would not, ſcruple to purſue the ſimile, and tell you, that 
as only thoſe two of the ſpies, Caleb and Zoſhna, who made no doubt but that they 
ſhould conquer the fertile (though never ſo well fortified) land of Canaan, did really 
poſſeſs it, all their diſanimated brethren wandering and dying in the wilderneſs ; ſo none 
but thoſe generous attempters, that dare boldly venture upon the difficulties that ſur- 
round the knowledge of nature, are like proſperouſly to overcome them, and poſſeſs 
what they contend for. | 

Bor I muſt leave this digreſſion to proceed to the laſt advertiſement I am to give 
you, which is, that I know you may poſſibly expect, that I ſhould ſay ſomething to 
you diſtinctliy of the chief means, by which the naturaliſt may probably advance 
trades, and aſſiſt man, by the bleſſing of the author of nature, to recover part of his 
loſt empire over the works of nature. And I confeſs, I have more than once had 
thoughts of a kind of project (if I may ſo call it) for the advance of experimental phi- 
loſophy, conſiſting of ſuch heads as theſe : a proſpect of what probably may be attained 
to in phy ſicks (both as to theory and practice.) A ſummary account of what is attained 
already. The imperfectneſs of our preſent attainments. What helps men now enjoy. 
The incompetency of our preſent helps. The hindrances and the cauſes of them. And 
the means and helps that may be employed. To which other heads might in caſe of 
need be added, But notwithſtanding the expectations you may have, that I ſhould 
handle ſuch ſubjects, and the thoughts I have had about them; I purpoſely waved the 
treating of them by themſelves in the enſuing eſſays, partly, becauſe theſe unelaborate 
diſcourſes are not deſigned for a juſt treatiſe on the ſubjects handled in them, contain- 
ing but ſuch looſe experiments and obſervations, as could, without too much im- 
poveriſhing other papers, be put together on this occaſion z and partly, becauſe I ww - 

effe 
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effect been careful to mention ſeveral of thoſe things, that you might expect to find 
ſeparately treated of; but knowing, that a far leſs diſcerning eye than your's may 
<aſily, if there be occaſion, diſlinguiſh them, I thought it more convenient to inter- 
weave them with the other parts of the following diſcourſe, ſince every propoſition of 


a probable way to improve philoſophy is alſo a ground of expecting thoſe advantages, 


that may be hoped for from philoſophy improved, | 


OF THE 


Cb SS 8 
MATHEMATICAUES 


NATURAL PHILOSOPHY. 


That the Empire of Man may be promoted by the Naturaliſt's 
Skill in MarREMUATIcks, (as well pure, as mixed.) 


— 


F it were not allowable for any but thoſe, that are thoroughly ſkilled in the abſtruſer 
myſteries of the mathematicks, to diſcourſe of thoſe diſciplines, the title of this eſſay, 
would, I fear (Pyrophilus) make you think me guilty of preſumption, ſince you may 
perchance remember, that when you were converſant about thoſe ſtudies, I confeſſed to 
you, that the great authority of ſome famous modern naturaliſts had, for a while, di- 
verted me from making any great progreſs in thoſe ſciences, by their reſolute denying 
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them to be uſeful to phyſiology. But, as 1 do not pretend to have taken that pains, ' 


ich elle I might have done, to become a ſpeculative geometrician ; ſo I conſider, that 
without underſtanding as much of the abſtruſer part of geometry, as Archimedes, or 
Vor. III. 3 H Apollonius, 
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Apollontus, one may underſtand enough to be affiſted by it in the contemplation of na. 
ture; and that one needs not know the profoundeſt myſteries of it, to be able to diſcern 
its uſefulnels. And therefore I ſhall venture to propound ſomething to you concerning. 
this laſt-named ſubject, eſpecially, fince otherwiſe you may be influenced, as I once was, 
by the great authority of thoſe modern philoſophers, who would have the uſe of mathe. 
maticks, as diſciplines, that confider only abſtracted quantity and figure, to be rather: 
hurtful than advantageous to a naturaliſt, the object of whoſe ſtudies ought to be matter. 
But though theſe endeavour to keep men from thinking the mathematicks to be of any- 
great uſe toward making a man a good naturaliſt, by alledging the extravagant opinions -· 
that Kepler himſelf, who was mathematician to three emperors, and ſome other modern 
aſtronomers, have broached or maintained concerning matters phyfrological ; yer I con- 
feſs, that after I began, by reflecting upon divers of my experiments, eſpecially mecha- 
nical, to diſcern how uſeful mathematicks may be made to phyſicks; I have often 
wiſhed, that I had employed about the ſpeculative part of geometry, and the cultivating of: 


the ſpecious Algebra I had been taught very young, a yu t of that time and in- 
i which I 


duſtry, that I ſpent about ſurveying and fortification (o remember I once wrote 
an entire treatiſe) and other practick parts of mathematicks. And indeed, I think, that 
a competent knowledge in mathematicks (for a profound one is not always neceſſary) 
may be fo ſerviceable to thoſe that would become philoſophers, that I ſhall. not ſcruple 
to mention it as another thing, which may increaſe your expectation from phyſiology, 
that thoſe, who paſs for naturaliſts, have, for the moſt part, been very little, or not 
at all, verſed in the mathematicks, if not alſo jealous. of them. And I the leſs ſcruple 
to write to you on this ſubject, becauſe I do not know that others have prevented me: 
for though the learned Clavius, and ſome other expoſitors of Euclid, have ſaid much of 
the uſefulneſs of geometry to other mathematical diſciplines z..and though not a little has- 
been ſaid in the praiſe of mathematicks in general; yet it is left free for me to diſcourſe: 
to you of (what is the ſubject of this eſſay) the utility of mathematicks, in reference to 
modern phyficks, and therein not only to the notions of the corpuſcular philoſophy, but 
even to practical and experimental knowledge. 

Now there are ſeveral ſcores, upon which ſkill in mathematicks may be uſeful to the 
experimental philoſopher. For there are ſome general advantages, which mathematicks- 
may bring to the minds of men, to whatever ſtudy they apply themſelves, and conſe- 
quently to the ſtudents of natural philoſophy ; namely, that theſe diſciplines are wont to- 
make men accurate, and very attentive to the employment they are about, keeping their 
thoughts from wandering, and inuring them to patience of going through with tedious: 
and intricate demonſtrations; beſides, that they much improve reaſon, by accuſtoming 
the miod to deduce ſucceſſive conſequences, and judge of them without eaſily acquieſcing 
in any thing but demonſtration. a 

And indeed the operations of ſymbelical- arithmetick (or the modern Algebra) ſeem 
to me to afford men one of the cleareſt exerciſes of reaſon that I ever yet met with, 
nothing being there to be performed without ſtrict and watchful ratiocination, and the 
whole method and progreſs of that appearing at once upon the paper, when the ope- 
ration is finiſhed, and affording the analyſt a laſting, and, as it were, viſable ratiocina- 

Bor, Pyrophilus, I may not inſiſt on theſe, or the like general uſes of pure mathema- 
ticks, ſince there are divers others, which more immediately reſpect natural philoſophy. 

AnD to ſhew this the better, give me leave to premiſe to the following particulars, 
a couple of obſervations, Tax 


to Natural Philoſophy. 


"Taz firſt is, that the phænomena which the mathematician concurs to exhibit, do 
really belong to the cognizance of the naturaliſt. For when matter comes once to be 
endowed with qualities, the conſideration how it came by them, is a queſtion rather 
about the agent or efficient, than the nature of the body itſelf. So the image or pic- 


ture that a man ſees of his face in a looking-glaſs, though that be an artificial body, falls 


as well under the ſpeculation of the naturaliſt, as when the like picture is preſented him 
by calm and clear water. And the rain-bows, that are often artificially made in grottos, 
by diſperſing the water of fountains into drops and ſhowers, have a juſt title to his con- 
templation, as well as the rain-bow that is formed in the clouds. And the echoes, that 
are admired in ſome of thoſe grottos, purpoſely and artificially contrived to afford rare 
ones, do as well belong to his cognizance, as thoſe that nature makes in ruder dens, 
and other cavities of hills and mountains. And indeed moſt of thoſe phænomena re- 
-quire (for the main) the ſame ſolutions, whether the ſkill of man do or do not intervene 
to exhibit them. 

Tut ſecond conſideration, which I am often obliged to repeat, is this; that ſince 
man's power over the creatures depends chiefly upon his knowledge of them, whatever 
' ſerves to increaſe conſiderably his knowledge, is likely, either directly, or in its conſe- 
quences, to add to his power; which two advertiſements being thus given you, Pyro- 
philus, I now advance to the particulars, whoſe mention they made me ſuſpend. . 

1. And firſt, theſe diſciplines teach men the nature and properties of figures, both 
vpon ſurfaces and ſolids, and the relations (for they can ſcarce be properly called propor- 
tions) betwixt the ſurface and ſolidity of the ſame body. It is true, that matter, or 
body, is the ſubject of the naturaliſt's ſpeculations ; but if it be alſo true, that moſt, if 
not all the operations of the parcels of that matter (that is, of natural bodies) one upon 
another, depend upon thoſe modifications, which their local motion receives from their 
magnitude and their figure, as the chief mechanical affections of the parts of matter; it 
can ſcarce be denied, that the knowledge of what figures are, for inſtance, more or lets 


capacious, and advantaged or diſadvantaged, for motion or for reſt, or for penetrating 


or reſiſting penetration, or for the being faſtened to another, &c. muſt be of conſiderable 
uſe in explicating many of the phænomena of nature; and it is ſufficiently known, how 


much of the doctrine of figures may be learned from geometricians, who treating ex- 


preſly and copiouſly of triangles, circles, ſurfaces, elliptical, parabolical, hyperbolical, 
and other plain figures; as alſo of ſpheres, cones, cylinders, and eſpecially priſms, py- 
ramids, cubes, and regular bodies, intimate alfo the mechods of judging of the figures 
of other bodies, that are either compoſed of them, or may, by reaſon of ſome analogy, 
be referred to them. | 

Tree are divers properties, as well of planes and ſolid figures, and their habitudes 
to each other, as of tuch lines as are deſcribed by motions, or wherein motions may 
be made; the knowledge whereof may be of good uſe not only to the ſpeculative natu- 
raliſt, but the practical. | 

To know the proportion that Archimedes has demonſtrated to be between a ſphere 
and a cylinder, and either of thoſe to a cone ſo ani fo qualified; or to know that a 
triangular pyramid is the third part of a priſm, having the ſame baſe and height; and, 


in a word, to know the proportions between geometrical bodies, may ſometimes be of 


good uſe, in caſes where we can procure the one and not the other, or at leaft not fo 
well as the other. Of this an inſtance is given us by the ingenious Marinus Ghetaldus 
(as I find him cited by a late mathematician) who tells us, that Gbetaldus, finding it very 
difficult to procure an exact metalline ſphere, wherewith to examine the proportion, in 


boint of weight, between heavy bodies of the ſame bulk, found, that yet he could get 
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is equal to the diameter of that ſphere, is to that ſphere in ratione ſeſquiallerd, as they 


the weights of the other ſpheres he had occalijon to employ about the conſtruction of 


And what applications I have made of the ſame Archimedean theorem, I may elſewhere: 


ſcribes, to be parabolical; it may be of moment in the practice of gunnery, and in refe- 


the diviſion of ſome boxes or ſets of weights uſed by our goldſmiths. And if you 


The Uſefulneſs of Mathematicks 


a cylinder of tin to be turned true; and having therewith made his experiments or ob- 
ſervations, it was eaſy for him, knowing out of his Archimedes, that the proportion of a 
cylinder, whoſe baſis is equal to one of the great circles of a ſphere, and whoſe height 


ſpeak, i. e. has the ſame proportion that three has to two; it was, I ſay, eaſy for him, 
who had often had occaſion to weigh his cylinder exactly, by ſubtracting a third part 
of the whole weight, to find in the remainder the deſired weight of a ſphere of tin, 
whoſe diameter was equal to that of the baſis, or to the height of the cylinder“: which 
weight of a ſphere of a known diameter being once obtained, he deduced from them 


thoſe tables, which have been much made uſe of by divers ſucceeding mathematicians, 


inform you. | | 

Ir being alſo taken for granted by divers modern geometricians and engineers, that 
the excellent Galileo, and his not degenerate diſciple Torricellius, had demonſtrated the 
line, which a heavy body, projected, and even the bullet, ſhot out of a cannon, de- 


rence to divers experiments to be made with other projected bodies, to be well verſed in 
the nature of the parabola and parabolical lines, which are alſo thought to be capable of 
doing wonders in burning-glafſes, in caſe theſe metalline ſpecula can be brought to a 
parabolical figure; one of whoſe remarkable properties is, that all the beams that, being 
parallel to the axis, fall upon the internal ſuperficies, are reflected to one point or focus; 
where conſequently, if the burning-glals be any thing large, the heat muſt be very intenſe, 
eſpecially in compariſon of a ſpherical burning-glaſs of the ſame bigneſs. 

AnD as for delightful and recreative experiments, you will eaſily allow me, that there 
are abundance of catoptrical ones of that fort, which depend upon the figure of ſpherical, 
cylindrical, and other ſorts of refleCting glaſſes. | | 

2. Iuichr here tell you, Pyrophilus, that pure mathematicks themſelves, ſetting, 
alide the aſſiſtance they are wont to give to mixed mathematicks, may be of uſe to hu- 
man life, and to the experimental naturaliſt ; of which I ſhall give you, as a ſpecimen, 
this notable example. | 

Tus properties of arithmetical and geometrical progreſſions in numbers ſeem to have 
very little to do with the practice of weighing out things in ſhops and warehouſes, And 
yet by the knowledge of the double progreſſion, beginning from an unit (as arithmeti- 
cians call that, wherein the conſequent is ſtill double to the antecedent) as 1, 2, 4, 8, 
a great deal of cumber, and ſometimes of charge, may be ſaved. For with three 
weights you may weigh all the pounds that are from one to ſeven incluſively; with 
four weights, all thoſe that exceed not fifteen pounds; upon which obſervation is grounded 


would, as is very uſual, put weights (when there is occaſion) in both ſcales, to help the 
thing to be weighed to bring the balance to an equilibrium, then the triple progreſſion 
(i. e. where the numbers increaſe in a triple proportion, as 1, 3, 9.) has a much more 
notable property for our purpoſe; by conſidering which, the induſtrious Stifelzus con- 
cluded, that by three weights you may weigh any number of pounds from one to thir- 
teen incluſively; with four weights, any number of pounds from one to forty in- 
cluſively; with five weights, any number of pounds not exceeding ſixſcore and one; 
and with but ſix weights, any number of pounds from one to three hundred and fixty- 


* Archimed. propoſit. 32. lib, 10. de ſphæra & cylindro, 
four: 


4 
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=, But the method of ordering ſo few weights to ſerve ſo many purpoſes is beft 
fund out by ſymbolical arithmetick or algebra, by which | have taken pleaſure to work 
ſo fine a problem which, becauſe it is applicable, not only to pounds, but to the 
parts of pounds, and thoſe of differing denominations, it may be of ſo great uſe to you, 
if ever you buſy yourſelf about ſtatical experiments, that l ſhall to the end of this eſſay 
annex à table, to ſhew what weights are to be taken in every poſſible caſe, which I 


found ready calculated to my hand by the ingenious Franciſcus a Schooten, profeſſor of 


mathematicks at Leyden. | 


To the former inſtance, of the uſe that an experimenter may make of pure mathema- 


ticks, I might, if it could be ſufficiently delivered in a few words, add the method of 
computing the combinations that may be made of any number of things propoſed, which 
ſome mathermaticians call Regula gombinatoria, For though I remember not to have 


found this method fully handled in any one author, even among the modern algebricians; 


yet, as it is delivered by ſome arithmeticians, it is by no means to be deſpiſed, but, as 
it may be managed by ſymbolical arithmetick, it will, if I miſtake not, want nothing, 


but the being ſkilfully applied by the naturaliſt, to be on certain occaſions very ſerviceable 


to him. | 
3. We may take notice in the next place, that mathematicks may much help the natu- 


raliſts, both to frame hypotheſes, and judge of thoſe that are propoſed to him, eſpecially 


ſuch as relate to mathematical ſubjects in conjunction with others. | 
War wretched theories the ignorance of mathematicks has made naturaliſts, other- 


wiſe very conſiderable in their way, frame and propoſe, may be evidently ſhewn in the 
accounts that Epicurus, and his paraphraſt Lucretius, give of the ſun, and other celeſtial 


bodies. And indeed what ſatisfactory account can be given of the varying lengths and 


viciſſitudes of days and nights, and the eclipſes of the ſun and moon, the ſtations and 


retrogradations obſerved in planets, and other familiar celeſtial phænomena, without ſup- 


poling theſe great mundane bodies to have ſuch ſituations in reſpect to one another, and 


to move in ſuch lines, or at leaſt to be made to appear to move in them by the motion 
of the earth in ſuch a poſition, and in ſuch lines? Nay, how without the knowledge of 


the doctrine of the ſphere will the naturaliſt be able to make any ſober and well 


grounded judgment in that grand and noble problem, which is the true ſyſtem of the 


world? which is endeavoured to be ſolved after ſuch differing manners by the Ptolo- 
mæans and Peripateticks, by the Tychonians and by the Copernicans, both leſs and more 


modern. 


Tuar then the knowledge of celeſtial bodies is not well to be-attained, nor conſe- 
quently the theories propoſed of them, to be intelligently judged of, without arithme- 


tick and geometry Gry wings on which the aſtronomer ſoars as high as heaven) he 
muſt be very little acquainted with aſtronomy, and particularly with the various and too 


often intricate theories of planets, that can doubt. And truly, when J conſider the 


aſtoniſhing diſtance and immenſity of the celeſtial bodies, and thoſe almoſt numberleſs 
fixed ſtars (each of them perhaps' much vaſter than the whole earth) which in a clear 
night I take pleaſure to gaze at through the better ſort of teleſcopes, both in the milky 
way, and in other parts of the ſky, that ſeem not ſo much as whitiſh to our eyes; I 
cannot but highly prize a ſcience that acquaints us, that what we know of ſo much of the 
univerſe as the globe we inhabit and call the world, is but a point to it, taking up a liule 
more room in it, than a phyſical center in the ſphere. 


Te uſefulneſs alſo of pure mathematicks to geography is likewiſe evident: and ſure 


inquiſitive men ought not to deſpiſe this and the former part ot learning, without which, 
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as I was lately ſaying, they cannot knew ſo much, as whether the earth we live upon 
moves or ſtands ſtill, l . 
Turn are alſo divers phænomena of nature, that are neither aſtronomical nor geo- 
graphical, where the uſefulneſs of mathematicks is manifeſt enough. For as to the phe. 
nomena of that ſenſe, to which the naturaliſt is moſt beholding, ſight, what a pitiful 
account is given of them by thoſe Ariſtotelians, phyſicians, and other writers, without 
excepting many good anatomiſts, that have been ſtrangers to mathematicks, in com 
riſon of what has been done (not to mention Euclid, Albazen, and Vitellius) by Kepler, 
Scheiner, Herrigon, and ſome other modern mathematicians. a 
Ax it is evident to thoſe that are acquainted with dioptricks, that without ſome know. 
ledge, not only of the properties of convex bodies, and of the laws of retraction from 
and towards the perpendicular (as the maſters of opticks ſpeak) but alſo of the properties 
of lines, as circular, parabolical, hyperbolical, &c. and figu-es, as ellip'es, circles, pa- 
rabolas, hyperbolas, &c. it is almoſt impoſſible, either well ro explicate moſt of the 
nomena of that nobleſt of our ſenſes, fight itſelf, or to make a well grounded judg - 
ment of others explications of them. He, that is altogether a ſtranger to this part of 
-mathematicks, will ſcarce be able to conceive the reaſon of the admirable fabrick of the 
eye, and how the cryſtalline humour does by its convex figure (like a lenticular g'aſs) 
refract and converge the beams (or at leaſt the pencils) that proceed from the viſible ob- 
ject, that they may paint the more lively picture of it upon the retina at the bottom of 
the eye; nor will he underſtand why, by reaſon of the decuſſation of the beams within 
the eye, this picture muſt be made inverted, though we apprehend the objects themſelves 
in a right poſture; nor why ſmall objects, placed near the eye, where they are ſeen under 
a wide angle, appear as big, as very much ter, that are ſeen at a greater diſtance 
from it. And much leſs will he be able to underſtand the reaſon of thoſe many deluſive 
apparitions exhibited by concave, convex, conical, and cylindrical glaſſes, the catop- 
tricks, or doctrine of reflex viſion, belonging yet more to the mathematicks than diop- 
tricks do. 117 
4. Awp ſince that from the magnitudes of divers bodies, or of ſeveral parts of the 
"fame body, and fo likewiſe from their degrees of celerity in their motion, there will atiſe 
a certain reſpect, which if they be but two, geometricians call a ratio, and if more than 
two, à proportion (though theſe terms are oftentimes confounded, and promiſcuouſly 
employed by authors; and fince proportion is ſo frequently to be met with in the works 
of him, who by an eminent, though apocryphal writer, is truly ſaid to have made all 
things in number, weight, and meaſure; and ſince the doctrine of proportion, as ſuch, 
i belongs to the mathematician, as the nobleſt parts of thoſe ſciences he treats of; I think 
: it may ſafely enough be affirmed, that he, that is not ſo much as indifferently ſkilled in 
fl mathematicks, can hardly be more than indifferently ſkilled in the fundamental principles 
"mh of phy fiology. Nor perhaps would it be raſh to ſay, that the fifth book of Euclid's 
1} elements, where the doctrine of proportions is chiefly delivered, may prove more in- 
* 


ſtructive to the naturaliſt than the fifth book of Ariftorle's phyſicks. And therefore l 
do not ſo much wonder, that Plato ſhould, over the gate of his ſchool place an inſcrip- 
tion (ade ayypergnros tioirw) forbidding the entrance to perſons unacquainted with geo- 
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in metry, as unfit to judge of what was there taught. | | 

513. . Nay this, though you may think it ſtrange, is very true, that there are ſome conſiderable 
6 116 phænomena of nature, which are ſo far from being explicable by their cauſes, that men 
IK 47 <annot ſo much as underſtand what is meant by them, without ſome knowledge of the 
1 | doctrine of proportions. As, for inſtance, when the teacher of opticks tells us, 4 
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the increments of light are in duplicatd ratione diſtantiarum, ſecundum quas d corporibus 
recedunt, d quibus primum -efficiuntur ; he, that knows nothing of proportions, cannot 
tell ſo much as what they mean by this theorem, much leſs whether or no it be true. 
And ſo, when the ſame propoſition is by the diligent Mer/ennus * applied alſo to ſounds, 
x common reader would not at all underſtand him, if he did not add by way of expla- 
nation, that if, for inſtance, the noiſe of a piece of ordnance be heard a league off, that 
noiſe will be four times ſtronger, if it be heard bur at the diſtance of half a league. Nor 
will this example itſelf give ſuch a reader, as we ſpeak of, a clear underſtanding of the 
propoſed theorem. But a conſiderabler inſtance in this kind may be afforded us by the 
noble diſcovery of the moderns, eſpecially Galilæo, who obſerve, that when a heavy 
body deſcends through the air, the ſpaces paſt through, from the beginning to the end 
of the motion, are among themſelves in a (not double, but) duplicate ratio of the mo- 
ments or equal diviſions of time ſpent in the full; which requires the knowledge of 
what a duplicate proportion is, to be well underſtood ; but it may in ſome ſort be ex- 
plained, and ſo noble a phenomenon muſt not be here omitted, by ſaying, that Galileo 
affirms himſelf to have obſerved, that a braſs bullet of 100 pounds will, in the ſpace of 
one minute. of an hour, deſcend an hundred Florentine cubits (which ſome reckon to'be 
180 feet of ours, and conſequently, ſaith Mer ſennus, four cubirs in one ſecond, or ſix- 
tieth part of a minute; and by adding, that the bullet falls in ſuch a ratio, that the ac- 
celeration of the motion is made according to the progreſſion of odd numbers, beginning 
from an unit, or one; ſo that if in the firſt moment of time the weight fall down one 
fathom, in the ſecond moment it muſt deſcend three fathoms; in the third, five fathoms; 
in the fourth, ſeven; in the fifth, nine; in the ſixth, eleven; and ſo onward. Whence 
Merſennus gives this rule, to know how far the weight will deſcend in a determinate - 
time aſſigned ; and by knowing how far it has deſcended, to calculate how long it was 
in falling. ＋ Regula generalis, ſays he, hæc eſt. Si dentur tempora, & querantur ſpatia, . 
quadrentur tempora, & habebuntur rationes ſpatiorum. Si dentur ſpatia, & querantur - 
tempora, inveſtigedur latus ſpatiorum, & dabitur ratio temporum. | F 
Divess other inſtances might be produced, to manifeſt the requiſiteneſs and advanta- 
geouſneſs of ſome knowledge in mathematicks to a ſpeculative naturaliſt; but I ſhall 
content myſelt to name one more, viz. that the grand theorem or rule of the ſtaticks, 
that in the balance, or reſembling inſtruments, the proportion betwixt the equivalent 
weights, and their diſtances from the fulcimentum or prop, is reciprocal (fo that it is 
uſual with butchers and other tradeſmen, to weigh in the ſtatera, commonly called the 
ſtiliards, 10 or 20 pounds weight, for inſtance, hung near the fulciment, with one pound 
weight placed on the other ſide of the beam, at 10 or 20 times diſtance from it) and 
many other theorems that ſerve to explicate the properties of the grand inſtrument of 
nature, motion (eſpecially as produced or modified by weight, or. equivalent force va- 
riouſly adapted, and applied) cannot well be underſtood without an inſight into geome- 
try, and eſpecially the doctrine of proportions ; and how much the knowledge of the 
principles and theorems of the mechanicks may aſſiſt the naturaliſt, both to explicate 
many of nature's phenomena, and to try experiments, and work great changes on her 
productions, men will then more readily confeſs, when they ſhall better diſcern how | 
many of her works are but engines, and do operate accordingly. 
tions, as it is the ſoul of the mathematicks themſelves, fo it may be of vaſt, though 
Harmonic. lib. J. prop. 12. 


T Merſen. Harmon. lib. I. Propoſ. 24. Corollar. 1. 
ö perhaps 


5. AND give me leave, Pyrophilus, to add in this place, that the doctrine of propor- 
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perhaps yet unheeded, uſe in phyſiology too; not only as it helps the naturaliſt (as we 
have newly ſeen it does) to underſtand divers phænomena of nature, but as it may enable 
him to perform divers things, which he could not perform without it ; of which though 
1 may have occaſion to give you hereafter in other papers ſeveral examples, yet I ſhall 
now mention two or three for illuſtration. ſake. 

THAT the pendulum is the accurateſt inſtrument that we yet have of meaſuring ſhort 
ſpaces of time, I preſume, you do not doubt; and I need not tell you, that he, who 
would know what length a pendulum muſt be of, to meaſure by its ſwing ſome determi- 
nate ſpace of time, as, for inſtance, a half ſecond (or half the ſixtieth part of a minute) 
muſt find it out by trial and obſervation, if he be not acquainted with the doctrine of 
proportions but in caſe he is verſed in that, as well as in the phenomena of pendulums, 
he may from the length of one pendulum, that exactly meaſures a known part of time, 
without making particular trials and obſervations, deduce the length of pendulums that 
will ſerve to meaſure other diviſions of time. For inſtance, that diligent obſerver Mer. 


ennus aſſures us, that he found by frequent trials, that a ſlender ſtring with a piſtol or 


muſket bullet at the end of it, whoſe length comprehending the bull-r, was three feet 
and a half (elſewhere he mentions three feet and a 27th; vibrates ſecond (minutes; this 
now being taken for granted, and it being a received theorem concerning pendulums alike 
in all things but length, that the lengths are in duplicate proportion to the times in which 
their vibrations are reſpectively performed, or are as the ſquares of the vibrations they 
perform in the ſame time, and conſequently, the times are in ſubJuplicate proportion to 
the lengths of the pendulums; if a man would, as I was ſaying, have a pendulum that 
ſhall vibrate half-ſeconds, he muſt not take, as one unacquainted with theſe things would 
be apt to do, a pendulum of a foot and three quarters, which is one halt the length of 
that which vibrates a whole ſecond, for ſuch a pendulum would prove much too long 
for his purpoſe ; nor need he by multiplied obſervations laboriouſly find out how much 
N. is too long (which oftentimes for want of a ſtandard he cannot do) but ſince the pro- 
portion between a ſecond and half a ſecond is double, and the proportion betwixt the 
length of the ſtrings, that are to vibrate theſe two differing ſpaces of time, muſt be 
duplicate of the proportion of the times themſelves, it follows, that the length of the 
ſtrings muſt be as four to one, which is the duplicate of the proportion of two to one, 
and ſo the length of the ſhorter ſtring muſt be but a fourth of that of the longer. 
Tris, if it were needful, might be confirmed by a problem of the learned Ricciolo's, 
whereof | ſhall here give you an example, becauſe I may hereafter have occaſion to 
ſhew you the farther uſe of it. Let us then ſuppoſe, to avoid fractions, that a pendulum 
that vibrates ſeconds, is three entire feet long (as indeed ſome modern mathematicians 
tell us it is, and as it may well be according to the meaſures uſed in ſome places). If 
then you multiply 3600, the ſquare of the vibrations, which are 60, that your three feet 
ndulum makes in a ſecond, by the length of the pendulum, which is 36 inches, and 
divide the product, viz. 129600, by 9 inches, the fourth part of the length of the for- 
mer pendulum ; and if laſtly, of the quotient (14400) you extract the ſquare root, you 
ſhall find it to be 120, that gives you the number of vibrations that will be made in 4 
ſecond by a pendulum of nine inches long, and this root being twenty, which is the 
double of ſixty, you may ſee, that to make a pendulum that ſhall vibrate half-ſeconds, 
it muſt be but one quarter ſo long as that, which vibrates whole ſeconds. And if [ 
thought you were like to think theſe rules as ſtrange, as a perſon wholly unacquainted 
with the nature of pendulums, and the doctrine of proportions may do; I would invite 
gou to conſult experience, as I have purpoſely done in differing pendulums, that divide 


A minute into ſeconds, half-ſeconds, and quarter- ſeconds; ſince though your trials * 
N 
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dot be very nicely made, they may ſuffice to perſuade you, that the above-mentioned 
"les are either accurately true, or at leaſt true for the main, and therefore true enough 
to be very uſeful in many occurrences. «11 

To the above-mentioned inſtances afforded by pendulums I ſhall here add but one 
more, that comprehends many thouſands ; for the art of compoſing of that great variety 
of harmonious tunes, that makes muſick ſo delightful to us, depends upon the doctrine 
of proportions. And he, that being well ſkilled in that, knows how to apply it to the 
notes or words propoſed, according to the obſervations which experience has afforded, 
of the gratefulneſs of ſuch and ſuch conſonancies, 8c. may out of his own head compoſe 
a ſtrange variety of new and pleaſing tunes, which are ſo many exerciſes, that man 
makes of the power his ſk:]l gives him over the bodies, of which his muſical inſtruments 
conſiſt, and over thoſe which they affect. 

6. I Know not, Pyrophilus, whether I may not reckon amongſt the advanteges that 
mathematicks may afford the naturaliſt, that they will in many caſes ſuggeſt to him 
divers new experiments, whereby to vary thoſe, wherein the figures of bodies, the lins 
of motion, as alſo numbers, proportions, and the like affections, which the mathema- 
tician is wont to treat of, may come into conſideration. For it is very likely that 
thoſe ſuggeſted experiments, which either would not be thought on, or could not be 
ſkilfally propoſed, by a perſon not verſed in mathematicks, may, either immediately, 
or upon the ſcore of the applications that may be made of them, prove ſerviceable to 
men; of which I hope in one of the following eſſays to give you ſome inſtances. See Eſſay 

I cat not to mention to you, how great a variety of trials and obſervations, about IX. 
the beſt way of levelling great guns, and the differing diſtances to which they will carry 
at ſuch and ſuch elevations, and the lines deſcribed by the motion of the bullet, and 
other particulars belonging to the art of gunnery, have been propoſed and tried, upon 
the hints ſuggeſted by geometry's mathematical diſciples (eſpecially) and others, becauſe 
many good men wiſh theſe fatal arts had been leſs underſtood. And therefore I ſhall 
rather put you in mind of the great variety of phænomena, which pure mathematicks 
have helped men to diſcover and derive from theſe familiar obſervations; that a beam 
of light, paſſing through differing mediums, is not continued in a ſtraight line, but broken 
or refracted; and, that in ſuch and ſuch conjuncturtes of circumſtances, the ſun or moon 
will ſuffer an eclipſe that will obſcure ſuch a part of the body, and laſt from ſuch a time 
to ſuch a time; from which obſervations of eclipſes divers very conſiderable things have 
been deduced by mathematicians, not only as to aſtronomy, but allo geography, navi- 
gation, and chronology. And he that conſiders what the doctrine of proportions, and 
of concords (or, as our mulicians call them, cords) and ditcords, has contributed to 
the great number of muſical inſtruments that have been actually made, and delightfully 
practiſed, and that it may afford the naturaliſt divers hints applicable ro other purpoſes 
(which I thall hereafter have occaſion to intimate) he, l ſay, that conſiders theſe things, 
elpccially if he be alſo acquainted with ingenious, pleaſant, and lome of them uletul cx- 
periments, that have been or may be derived from the oblervations, that when a beam 
of light falls upon a body, and rebounds from it, the angle of incidence is equal to that 
of reflection; that if the ſuperfic:es of the body be curve, the angle is to be eſtimated 
a if it fell upon a tangent to that ſuper ficies; that if the beam penetrate the body, and 
come to it through a thinner medium, it is refracted towards the perpendicular, if 
through a thicker medium, from the perpendicular; he, as I was ſaying, that ſhall con- 
licer theſe things, and withal, what a great variety of propoſitions, as well problems as 
theorems, have been deduced by mathematicians by the help of theie few obſervations, 


and of as few propoſitions touching the place of the object ſeen by the help of ſpecular 
Vol. III. 31 and 
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and dioptrical glaſſes, will eaſily grant, what by ſo many inſtances 1 have been endes. 
vouring to prove. | 

7. I cou now to the conſideration, wherewith I ſhall conclude this eſſay, viz, that 
divers diſciplines that are reckoned amongſt. the mixed mathematicks, are chiefly Prac- 
tical, and may aſſiſt the naturaliſt in making experiments and obſervations, which he 
either could not make, or could not make fo accurately without them; as may appear, 
partly. by the art of dialling, which teaches how to meaſure time, and tends chiefly to 
practice; partly by the att of perſpective, which is of great uſe to repreſent ſolids and 
diſtances upon a ſmall and plain ſuperficies, and is very ſerviceable to the limner's art, 
wherein if ſcholars and travellers were more generally converſant, the hiſtory of nature 
would be far better adorned with lively repreſentations of plants, animals, meteors, &c. 
and alſo by ſeveral parts of the art of navigation, and particularly that which they call 
hiſtriodromia, or the doctrine of the lines, by which pilots make their ſhips to ſail, 


Nou if in theſe and divers other inſtances that may be given, it muſt be acknowledged, 


that mixed mathematicks may be ſerviceable to the naturaliſt, and aſſiſt him to promote 
the empire of man; it ought not to be denied that pure mathematicks themſelves, az 
vulgar arithmetick, geometry, and algebra, may be of uſe to the naturaliſt, ſince it is 
from thoſe ſpeculative parts of the mathematicks, that not only theſe other more prac- 
tical diſciplines are derived, but a greater number of thoſe diſciplines that are called mixed 
mathematicks, may, according to what I elſewhere obſerve, be hoped for. For a 
ſounds and pure mathematicks make up muſick, and water with the ſame ſciences make 
hydroſtaticks ; ſo, as I elſewhere note, by a further application of the ſame parts of 
knowledge to other ſubjects (and in ſome caſes even to the ſame) thoſe diſciplines that 
are called mixed mathematicks, may be advanced probably as to number, as well a 
certainly as to uſefulneſſes and variety. of experiments. Nor is it only in thoſe parts of 
learning that I have now particularly named, that uſeful applications may be made of the 
theorems and problems of pure mathematicks, ſince upon theſe ſublime ſciences do alſo 
in great part depend thoſe other mathematical diſciplines, which are wont (by a ſynec- 
doche) to be called mechanical, and which it is now time that I paſs on to conſider, 
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SHEWING 


That the Power of Man may be much promoted by the Natura- 
liſt's Skill in MECHANICES. 


T* prevent the danger of ſtumbling (as they ſpeak) at the threſhold, I ſhall begin 
this diſcourſe with advertizing you, that I do not here take the term mechanicks 
in that ſtricter and more proper ſenſe wherein it is wont to be taken, when it is uſed only 
to ſignify the doctrine about the moving powers (as the beam, the lever, the ſcrews, 
and the wedge) and of framing engines to multiply force ; but I here underſtand the 
word mechanicks in a larger ſenſe, for thoſe diſciplines that conſiſt of the applications of 
pure mathematicks to produce or modify motion in inferior bodies; ſo that in this ſenſe 
they comprize not only the vulgar ſtaticks, but divers other diſciplines, ſuch as the cen- 
trobaricks, hydraulicks, pneumaticks, hydroſtaticks, baliſticks, &c. the et 
whoſe names may inform you about what ſubjects they are converſant. 

Now that theſe arts (if you will allow them that name) may be of great uſe to the ex- 
perimental philoſopher, and aſſiſt him to enlarge the empire of man, may be made pro- 
bable by this general conſideration, that divers of thoſe things, which in the former eſſay 
have been evinced to make the mathematicks uſeful to the naturaliſt, may be applied 
mutalts mutandis to the mechanicks alſo. Beſides, that theſe diſciplines have tome 
advantages peculiar to themſelves. But the truth of what is thus repreſented in general 
terms will poſſibly be better diſcerned, and more perſuaſive, if we deſcend to ſome par- 
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Of the Uſefulneſs of Mechanical Diſciplines 


I. FinsT then, the phænomena afforded us by theſe arts ought to be looked upon a 
really belonging to the hiſtory of nature in its full and due extent. And, therefore, as 
they fall under the cognizance of the naturaliſt, and challenge his ſpeculation ; ſo it may 
well be ſ.ppoſed, that being thoroughly underſtood, they cannot but much contribute 
to the advancement of his knowledge, and conſequently of his power, which we have 
often obſerved to be grounded upon his knowledge, and proportionate to it. When, 
for inſtance, we ſee a piece of wood, ducked under water, emerge again and float, even 
vulgar naturaliſts think that it belongs to them to conſider the reaſon of this emerſion 
and floating, which they endeavour to render from the poſitive levity, which they fancy 
to be (upon the account of the air and fire) inherent in the wood, though ſome woods 
that will ſwim in water, being put into oil, or high rectified ſpirit of wine, may ſink. 

Bor I ſce not, why it ſhould not belong to philoſophers to conſider and inveſtigate 
the reaſon, why one part of floating wood appears above the water, whillt the other keeps 
beneath it; and why the extant part is equal to the immerſed, or either greater or leſſer 
thari it, in ſuch a determinate proportion; and why the ſame wood will fink deeper in 
ſome waters than in others (as in a river than in the ſea) as on the other ſide ſome woods 
will ſink lower than others in the ſame water. For if theſe things be duly examined, as 
they may by the help of hydroſtaticks, not only the cauſe of theſe and the like phæno- 
mena will be diſcovered ; but by the applications of that diſcovery an eaſy way may be 
deviſed to meaſure and eſtimate the differing ſtrength of ſeveral ſalt ſprings, and. allo 
of divers kinds of lixiviums, and brines; to which may be added divers other practical 
corollaries from the ſame diſcoveries, which I ſhall hereafter have occaſion to particula - 
rize. 

II. Tur mechanical diſciplines help me te deviſe and judge of ſuch hypotheſes 25 
relate to thoſe ſubjects, wherein the notions and theorems of mechanicks either ought ne- 
ceſſarily to be conſidered, or may uſefully be fo. 

OF this we have inſtances, not only in thoſe engines that are artificial, and are looked 
upon as purely mechanical, as the ſcrew, the crane, the balance, &c. but in many fami- 
| Har phenomena, in which the theorems of mechanicks are not wont to be taken notice 

of to have an intereſt ; as in the carrying a pike or muſket on one's ſhoulder, in the 
force of ſtrokes with a longer or ſhorter ſword or other inſtrument, the taking up and 
the holding a pike or ſword at arm's length, and the power that a rudder has to ſteer a 
ſhip; in rowing with boats, in breaking of ſticks againſt one's knee, and in a multitude 
of other familiar inſtances, of which the naturaliſt's ſkill in mechanicks will enable him 
to give a far more clear and ſolid account than the ancient ſchoolmen, or the learnedeſt 
phy ſicians that are unacquainted with the nature and properties of the centre of gravity, 
and the ſeveral kinds of levers, the wedge, &c. 

III. Nay, there are ſeveral doctrines about phyſical things, that cannot be well ex- 
plicated, and fome of them not perhaps ſo much as underſtood, without mechanicks. 

Taar which emboldens me to propoſe a thing that ſeems ſo paradoxical, is, that 
there are many phænomena of nature, whereof though the phy ical cauſes belong to the 
conſideration of the naturaliſt, and may be rendered by him; yet he cannot rightly and 
ſkilfully give them without taking in the cauſes ſtatical, hydroſtatical, &c. (if I may 10- 
name them) of thoſe phznomena, i. e. ſuch inſtances as depend upon the knowledge of 
mechanical principles and diſciplines, 

Or this we have an obvious example in that familiar obſervation, that we partly touched 
upon juſt now, about the iwimming and ſinking of wood in water, For if it be de- 
manded, why wood does rather ſwim upon water than fink to the bottom of it, a ſchool - 
philoſopher would anſwer, that wood abounds with air, which being an clement wy 
much 
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much lighter than water, keeps it aloft upon the ſurface of that liquor. But this anſwer 
will ſcarce ſatisfy a naturaliſt verſed in hydroſtaticks. For not now to queſtion what is 
taken for granted, that there is a poſitive levity, and that the air is endowed with that 
quality, experience ſhews us, that though when wood is not heavier than ſo much 
water, as is equal to it in bulk, it will ſwim ; yet in caſe it be heavier than ſo much 
water, it will fink. As we ſee in divers woods, and particularly in guaiacum, which I- 
therefore the rather name, becauſe chymiſts obſerve, that if it be burnt, it leaves far leſs 
aſhes (and ſuch are ſappoied to contain the terreſtrial and heavy parts) behind it, than 
many woods that we know will float in water. And though ſtones and iron be, upon 
the icore of their weight, believed to be bodies that have little air in them, yet if the 
liquor into which they are put, be heavier, bulk for bulk, than they, they will not fink, 
but float, and if . forcibly depreſſed, they will emerge; as you may try, when you 
eaſe, by putting ſtones or iron, or the like ponderous body, upon quickfilver or melted 
ep ſo that we need not here conſider, whether air be, or be not predominant in a 
propoſed body, when we would know whether it will or will not fink in an aſſigned 
liquor. a | 
"A n>-choogh we ſhould admit the air, whether included in the pores, or looked upon 
as an elementary principle, to be the cauſe of its being lighter than an equal bulk of 
liquor, yet the air would be but the remote cauſe of its ſwimming, its immediate cauſe 
being, that the floating body is lighter than an equa] bulk of the liquor, and therefore 
the ſame body, without acquiring or loſing air, may ſwim in one kind of water, and 
fink in another. As in the caſe of heavy bodies, as loaden ſhips, that having proſpe- 
rouſly ſailed over the ſea, are recorded to have ſunk as ſoon as they come into harbour, 
i. e. into a more freſh water; and an egg, that will ſink in common water, will ſwim 
in a ſtrong brine, Nay a body may (as I, and others have tried) be ſo poiſed in water, 
that if the liquor be a little warmer, than when the body was poiſed in it, the body will 
ſink; as it will emerge again upon the refrigeration of it. 

AnD if this general anſwer of the lightn=-is of the air will not give ſo good an account 
as hydroſtatical principles, why a piece of wood will float or fink, it will much leſs give 
ſo. ſatisfactory an account, why differing woods in the ſame water, or the ſame piece of 
wood in differing waters, will ſink juſt ſo far, and no farther z whereas, by hydroſtatical 
principles, the phenomenon is- eaſy to be accounted for, according to that theorem of 
Archimedes te r 5xvpivwv, that ſolids lighter than the liquor they are put into, will 
link in it ſo far, as that as much of the liquor as is equal in bulk to the demerſed part, 
ve equal in weight to the whole floating body; whence theſe corollaries are de ĩved, that 
a floating body has the ſame proportion in weight to as much liquor as is equal to it in 
bulk, as the immerſed part of the body has to the whole body. And likewiſe, that as 
much liquor, as is equal in bulk to the whole body, has the ſame proportion in weight 
to the ſaid body, as the whole body has to that part of itſelf which is beneath the ſur- 
face of the liquor. And as theſe corollaries determine the proportion between the im- 
merſed and extant part of the floating body; ſo (to ſhew you that theſe theories lead to 
practice) they ſuggeſt the way of making a ſmall and light inſtrument, elſewhere de- 
rived, to meaſure by a floating body the differing gravities of ſeveral -liquors in refe- - 
rence to one another, as well as to the body itſelt. And upon the fame grounds, the 
earned Stevinus ſhews, that if you know what part of a floating body is iminerſed in a 
1quor, whoſe ſpecifick gravity is alſo known, as it eaſily may be, you may preſently | 
Und the weight of the whole ſolid body, let it be never ſo much too great to be weighed : 


a 


9 Lib. . Prop. To 


ing 


”— p 5 
— 


* * D * 
- — — A -_— — * * „ © are — — 
4 4 4 i * 
-Q3 .. A T_T EOS. 23 „„ 
** * - 
F*7 «> . F * 4 * — * 


— 


N — eo a 99% re a 44:0 — Jo 
N —— * 
4 3 £ - ER * 


— AA” » 


—— 
* 
* — 1 
5 —— T wy 
p 7 k 
* wt 1. ” 5 
ITY ; — 
1 * 8 
_ _— . 44414 2 * (ny * * — 
— ⁰ ͤWW— - — — — node - — 2 2928 9 — 
” N 1 " — 
— * 2 0 * > +. L * * * — — 
2 * . „ 1 
1 * 3 


— — 2 2 * . 
* 


* — 1 — 0 * * 
* 7 * 
* A & 2 A « . a 
« * * «. a 190 — re 
- 
Fi Err — . 
— „ —— — 
. * 
* 
LO 
Qt 
233 — — — ad 
* * 


——y— ũ .. .'.ꝰ 3 — . ,%—B x — 
- - — +» 
_ 0 
= 


Of the Uſefulneſs of Mechanical. Diſciplines 


in balances or ſtateras, yea, though it were a vaſt ſhip itſelf ; as ſuppoſing that that part 
of ſuch a veſſel that lies under water, ſhould be 100,000 cubick feet, and that a cubick 
foot of water weighs 70 Ib. (which though it be not the weight we have obſerved a foot 
of water Engliſh ineaſure to amount to, yet that alters not the general rule) by multi- 
plying 100,000 by 70, the product will be 7, ooo, ooo 1b. for the weight of the whole 
ſhip, with all that is contained in it, as ballaſt, ordnance, '&c. or reſts or leans: upon it, 
If I ſhould aſk a mere ichool-philoſopher, why ſucking-pumps will not raiſe water higher 
than 40 feet (though it be commonly preſumed they will raiſe it to any height) or why 
in an inverted ſiphon of glaſs, if you pour water and quickſilver in a ſufficient quantity, 
the ſurface of the water in one leg of-the ſiphon will not be in a level with the ſurface 
of the quickſilver in the other, but 13 or 14 times as high above the bottom of the 
ſiphon ; or why, if a piece of iron, and a piece of marble or a flint, &c. be equipon- 
derant in the air, if the ſcales be let down into the water, the metal will appear far hez- 
vier than the ſtone; if, I ſay, 1 ſhould aſk a mere naturaliſt both theſe or the like queſ. 
tions, I doubt I ſhould much more perplex him, than he would fatisfy me. And it 
were eaſy to add a multitude of examples, whereof a good account will ſcarce be given 
by a naturaliſt that is unacquainted with mechanicks, and may eaſily be aſſigned by one 
that is ſkilled in them. But referring the ſchoolmen to Ariſtotle's mechanical queſtions, 
to ſhew them the neceſſity and uſefulneſs of mechanical knowledge, to give the ſolution 
of ſundry phenomena that frequently occur, I will only add an example or two to make 
good the moſt paradoxical part of what I was ſaying; namely, that there are divers 
phy ſico- mechanical phenomena, . which are not to be, I ſay not explicated, but ſo much 
as well underſtood, without the knowledge of mechanical diſciplines. 

THERE is a conſiderable theorem in hydroftaticks, which is thought to have been firſt 
taken notice of by Mer ſennus, and in a late writer, is thus expreſſed : Yelocitates metus 
aque deſcendentis & effluentis per tubos æqualiam foraminum, ſed inequalium allitudinun, 
babent ſubduplicatam rationem altitudinum. Of which the corollary is, that the tubes are 
in a duplicate ratio to that of the velocities of the water that ſubſides in, and runs out 
of them; ſo that to make one tube at a circular hole of the ſame diameter run out in the 
ſame time twice as much water as another, the greater ought to be not only twice, but 
four times as long as the ſhorter. And of the ſame proportion (my trials about which | 
may elſewhere acquaint you with) divers other practical applications may be made, which 
muſt not be here inſiſted on. - | 

IV. As I formerly ſaid of the mathematicks, ſo I now ſay of the mechanicks, that 
they may aſſiſt the naturaliſt- to multiply experiments by thoſe enquiries, that they will 
ſuggeſt, and thoſe inferences and applications, whereto they may lead us. 

Or this we have a noble inſtance in the great variety of trials, which enquiries, verſed 
in hydroſtaticks, and other mechanical diſciplines, have, upon the ſcore of their being ſo 
qualified, been either prompted, or at leaſt aſſiſted to make, about the famous quick- 
ſilver experiment deviſed by Torricellius ; about which, though ſo much has been done 
already, yet almolt every year brings forth new phænomena. | 8 

ANoTHER example to our preſent purpoſe we may take from the great number of 
new propoſitions, that the diligent Merſennus has given us in his baliſticks, about tbe 
f.rce and effects of bows, and the like ſpringy bodies. But a yet more noble inſtance 
is given us by the moſt ingenious Galilgo, who, as we may learn from the already men- 
t oned French writer, that has given us an account of Galilæo's new thoughts in that 
language, has publiſhed ſo many propoſitions (of which he ſers down 19 or 20, with 


the demonſtrations) about the reſiſtance of bodies to be broken, and the weights requiſie 
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to break them, and the lengths at which they may be broken by their own weight, that 
he has reduced them into the form, and given them the title of a new art. 

To all which I ſhall need to add no more, than that he, who knows and conſiders 
what a variety of uſeful propoſitions have been, or may be mechanically deduced from 
the obſervation of Archimedes, that a ſolid body weighs leſs in water than in the air, by 
the weight of water equal in bulk to that body, will eaſily diſpenſe with me for not 
adding any farther inſtances on this occaſion, 

Anp the mention of this hydroſtatical propoſition of Archimedes falls in the more 
properly in this place, becauſe it will warrant me to tell you, that divers mechanical theo- 
rems are not only fertile in other theorems, but in uſeful applications too, of which I may 
hereafter have occaſion to give you ſome examples, by acquainting you with the uſes 
I have made of the lately mentioned propoſition of Archimedes, and ſome coiollaries, 
that partly by others, and partly by us, have been inferred from it. 

V. Bes1DEs the utilities that may be aſcribed to the mechanicks in common, with the 
more ſpeculative mathematical diſciplines, they have ſome, as I formerly intimated, that 
are more peculiarly their own, ſince they may be of great uſe to the naturaliſt in making | 
of ſuch inſtruments and tools, as for many of his obſervations, trials, and other purpoſes, . | 
he may either abſolutely need, or advantag-ouſly employ. 

Or this we have an example in the mariner's compaſs, as it is called; which is fo | | 
neceſſary to thoſe remote navigations, whereto natural philoſophy and mankind owes ſo 
much. For though Baptiſta Porta does, as well as other authors, aſcribe the inven- | 
tion of the directive faculty of the magnetick needle to one of his countrymen ( Amalphi, 
in the kingdom of Naples) yet he confeſſes, that for want of the knowledge of making 
ſuch ſea-compaſſes as we now uſe, this lucky inventor was ſain to make uſe of a piece of 
wood or ſtraw, to keep the needle a-float, and then imbue it with a magnetick virtue; 
which was a ſhift ſubje& to great and manifeſt inconveniencies. And indeed, notwith- 
ſtanding the knowledge of the verticity of magnetical needles, . if by that of the properties 
of the center of gravity, or ſome practices derived ther ce, ſome men, verſed in mecha- 
nicks, had not deviſed a way ſo to poiſe the needle, that notwithſtanding the rolling and 
toſſing of the ſhip, it will continue horizontal enough to direct the pilot; what would 
become of him in thoſe ſtorms, when he has moſt need of a faithful guide? 

By the help of the centrobarical doctrine, mechanicks have been enabled to make 
thoſe dipping needles, whoſe phænomena are very odd; and though, as far as I have 
tried, they yet ſeem» uncertain enough; yet it may very poſſibly happen, that farther - 
OO may reduce them to ſome theory, whence practical interences -may be de- 
uced. ä 

AND you will the more eaſily believe, that the mechanical. applications of centrobari- 
cal notions may be of immediate uſe, if we conſider, that by virtue of them, divers wri- 
ters, and others of unſuſpected credit, aſſure us, that they have made a kind of lamp ſo 
poiſed, that one may roll it up and down like a bowl, without (overturning. the vellel - 
that contains the oil, or extinguiſhing the flame. 

FroM the knowledge that compreſſed air has a ſpring, whereby it. reſiſts farther com- 
preſſion, and a flight contrivance to make uſe of this pneumatical principle, an acquain-. 
tance of mine mede a ſlight engine, which afterwards I found mentioned in a printed 
book, by which he was a great gainer, going, when he was well ſatisfied for his pains - 
and hazard, to the bottom of the ſea, and by the help of this engine ſtaying there ſome- 


* Mag. Nat. lib, VII. cap. 7. 
times 


— a. 


1 
* 


le "ns 2 TD. 444 . 


— 


Sp ” v * — - » 
2 rer —ͤ —— —— —Aͥÿ ore EI re ens 


— Py 


— 


ae * © * + 
: «4 


** 2 „ 0 


3 — . » 
— — — 
e 


he — z ::„%d . — 
©. — * — 1 


Ox — . — — 
— 


— 
— . 


1 
** Me. 


. . —i v. . w 
* © Py - 
* 


- _ — 


— 


— 


_ FI. II 


„„ * * 24 3 
= 


1 


D * 
39 DPD : my „ 
9 _ > 
4 
* 


* 5 
—- 
AR... — K „% „ „„ 
9 << . * 4 


440 


For as ſlight and obvious as the invention of them ſeems, yet not only we owe to 


times for divers hours, till he had fetched up valuable things out of ſunk ſhips, and tied 
cables about their guns, that they might afterwards be buoyed up. . 


to the naturaliſt, and for which, yet, he ought to thank the mechanicks, that it were 


make ſome trials, that he could not make before, and to make others more accurately, 
or more eaſily, or ſome way or other better. 


trivance may be as conſiderable as many particular experiments, by enabling the natura- 
liſt to produce either numerous, or noble ones, or both, it may be manifeſted by ſever.l 
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. 


Bur there might be given ſo many examples of inſtruments and tools that are uſeful 


tedious to enumerate them, eſpecially ſince the ſhops of mathematical inſtrument-makets, 
and other tradeſmen, may ſupply you with enough of them, to verify what this para- 
graph would perſuade. ; 

VI. Ina conclude the conſiderations I deſigned for this eſſay by this, that as the 
knowledge of the theorems of mechanicks, and the practices which have been thence 
derived, may very much aſſiſt the naturaliſt to make good mechanical contrivances, ac- 
cording to the exigencies of his ſeveral purpoſes; ſo one good mechanical contrivance 
may be equivalent to, and may perhaps actually produce many good experiments. 

THe former part of this propoſition will not, I think, require much proof. For a 
man muſt be but a dull naturaliſt, that ſhall know the properties of the center of gravity, . 
of levers, balances, ſcrews, wedges, and other inſtruments for increaling force, and by 
frequenting the ſhops and work - houſes of mechanicians, ſhall have ſeen variety of engines 
and inſtruments to compaſs different things, if he do not, from the ſurvey and conſidera- 
tion of all theſe, grow more able, by compounding, varying, and otherwiſe improving 
them, to deviſe ſuch means and expedients, as he would not elſe have thought on, to 


AxD as to the ſecond part of our propoſition, namely, that one good mechanical con- 


examples. | | 
AnD I ſhall begin with ſo familiar a one, as that afforded by valves, or trap-doors. 


them a great variety of pumps and bellows for economical uſes, but they make very 
conſiderable parts of ſeveral other engines, and may, as ſome trials have informed us, 
be applied about ſeveral new experiments, eſpecially if they be made of braſs, and yet 
ſo ſmall, that like ſome. of thoſe I have had made by ſkilful workmen (who, when [ 
firſt directed them, told me, that they could not be made) they may be uſed, not only 
in ſmall glaſs-pipes, but in ſyringes themſelves, 

By the help of ſmall valves, and the knowledge of the ſpring of compreſſed air, have 
been made thoſe wind-guns, which may be employed, not only to weigh the air (who'e 
weight we found them to evince, but not determine) but to kill deer, and other game, 
without making a great noiſe that would fright away the reſt. 

Ir I did not, Pyrophilus, foreſee, that in the following eſſays of this treatiſe, I ſhall 
have occaſion to mention ſome other inſtances of the ſervice, that mathematical and 
mechanical diſciplines may do the naturaliſt, 1 ſhould here add divers particulars, which 
I had rather you ſhould, when you meet with them, refer hither ; and therefore I thall 
conclude what I intended now to ſay about theſe diſciplines, by two or three ſhort in- 
ſtances that relate to what I have already ſaid concerning them. 

Tux firſt is, that it was not my delign to treat of the utility of the mathematicks 
and mechanicks in an abſolute way; for then I muſt have ſaid much to their advantage, 
which 1 have omitted, becauſe it would have too much ſwelled theſe eſſays, and not 
have been pertinent enough to them. And thercfore I thought it ſufficient for me to 
touch upon thoſe things, on whoſe account theſe diſciplines may be made uictul to the 
naturaliſt, by aſſiſting him either to frame theories, or to make obſervations and expert- 

ments, 
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ments, ſome (at leaſt) of which, directly, or in their applications, either are already, or 
are like to prove, practical and uſeful, And it ſeems to me very probable, that the 
notions and practices of theſe diſciplines that have been too much hitherto reſtrained. by 
mere mathematicians and mechanicians to the ſtars, the earth, the water, and ſome few 
other conſpicuous parts of nature, may be very well extended by a philoſopher to ſun- 
dry other productions, as well of nature, as of art. As Archimedes deduced hydroſta- 
ticks from the application he made of vulgar ſtaticks to bodies weighed in air and water, 
or in water only; and the ingenious Torricellius, and others, have of late applied the 
principles of hydroſtaticks to that ponderous body (which the chymiſts reckon among 
metals) mercury. | oi 

My next advertiſement is, that mentioning mechanical inſtances, not ſo much to ac- 
quaint” you fully with the things themſelves, as to make the mediums to infer whar I 
would prove, 1 have taken the mechanical propoſitions, that I employed, as they are 
delivered by the artiſts themſelves, without warranting that their proportions will hold 
true in mathematical ſtrictneſs. For though I have made trials myſelf of ſeveral things 
of this nature, yet having often obſerved, how difficult it is to find a mathematical pre- 
ciſeneſs in phyſical and mechanical things, I think it not amiſs to intimate thus much to 
you, though I may elſewhere have a fitter opportunity to make it out, that ſo great 
an exactnels is in many caſes not neceſſary to make the rules, that want it, uſeful in prac- 
tice, 

Tux concluding intimation I mean to give you, is, that I have not hitherto mentioned 
a ſervice, that mathematicks and mechanicks may often do the naturaliſt, which is not 
fit to be ſilently pretermitted; and it is, that by lineal ſchemes, pictures, and inſtru- 
ments, they may much aſſiſt the imagination to conceive many things, and thereby the 
underſtanding to judge of them, and deduce new contrivances from them. | 

THar I do not groundleſly ſay this, you will grant, if you conſider, how difficult 
(not to ſay impoſſible) it were to go through with a long geometrical demonſtration, 
without the help of a viſible ſcheme, to aſſiſt both the fancy and the memory; and how 
difficult it is to give beginners an idea of the grounds of coſmography and geography, 
without material ſchemes and globes, your own very recent experience, as well as that 
of others, will, I preſume, inform you. As it alſo may, how uſeful, not to ſay how 
neceſſary, pictures, and in ſome caſes, models, are wont to be, when engines, houſes, 
ſhips, and other ſtructures are to be judged of, that they may be approved or improved; 
but 1 ſhall rather take notice, that not only mechanical, mathematical, and anatomical 
things, need ſchemes and pictures to repreſent them clearly to our conceptions ; but 
many things that are looked upon as more purely phyſical, may, in my opinion, be 
much illuſtrated the ſame way. Of which, if Des Cartes has, as ſome ſay, been the 
intruder, I think he deſerves our thanks for it. For, as Plato ſaid, God does always 
geometrize; ſo in many caſes it may be as truly ſaid, that nature does play the 


In the explication of which, curious, and oftentimes inviſible contrivances of her's, pic- 
ares, that repreſent them well to the eye, and, if it were needful, in dimenſions much 
= cater than natural, may very much further the traming of right ideas of them in the 
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mechanician, not only in animals, but in plants and their parts, and divers other bodies; 
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NATURALIST's INSIGHT 
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O make out what is propoſed in the title of this diſcourſe, I ſhall endeavour to ſhey 
two things. The one, that an inſight into trades may improve the naturaliſt's 
knowledge. And the other, that the naturaliſt, as well by the ſkill thus obtained, as by 


the other parts of his knowledge, may be enabled to improve trades. 


3 3 1D NL 


And firſt, it ſeems to me to be none of the leaſt prejudices, that either the haugh- 
tineſs and negligence, which moſt men naturally are prone to, or, that wherewith they 
have been infected by the ſuperciliouſneſs and lazineſs, too frequent in ſchools, have 
done to the progreſs of natural philoſophy, and the true intereſt of mankind, that learned 
and ingenious men have been kept ſuch ſtrangers to the ſhops and practices of tradeſmen, 
For there are divers conſiderations that perſuade me, that an inſpection into theſe may 
not a little conduce, both to the increaſe. of the naturaliſt's knowledge, and to the me- 
lioration of thoſe mechanical arts. | 

I. Anp I conſider, in the firſt place, that the phænomena afforded by trades, arc 
(moſt of them) a part of the hiſtory of nature, and therefore may both challenge the 
naturaliſt's curioſity, and add to his knowledge. Nor will it ſuffice to juſtify learned 
men in the neglect and contempt of this part of natural hiſtory, that the men, from 
whom it muſt be learned, are illiterate mechanicks, and the things that are exhibited are 
works of art, and not of nature. For the firſt part of the apology is indeed childiſh, 
and too unworthy of a philoſopher, to be worthy of a ſolemn anſwer. And as for the 
latter part, I deſire that you would conſider, what we elſewhere expreſly diſcourſe againſt, 


the unreaſonable difference that the generality of learned men have ſeemed : 1 
etwix 
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betwixt all natural things and factitious ones. For beſides, that many of thoſe produc- 
tions that are called artificial, do differ from thofe that are confeſſedly natural, not in 
eſſence, but in efficients ; there are very many things made by tradeſmen, wherein nature 
appears manifeſtly to do the main parts of the work: as in malting, brewing, baking, 
making of raiſins, currans, and other dried fruits; as alſo hydromel, vinegar, lime, &c. 
and the tradeſman does but bring viſible bodies together after a groſs manner, and then 
leaves them to act one upon another, according to their reſpective natures ; as in mak- 
ing of green or coarſe glaſs, the artificer puts together ſand and aſhes, and the colli- 
quation and union is performed by the action of the fire upon each body, and by as na- 
tural a way, as the ſame fire, when it reſolves wood into aſhts, and ſmoak unites v ola- 
tile ſalt, oil, earth, and phlegm into ſoot ; and ſcarce any man will think, that when 
a pear is grafted upon a white thorn, the fruit it bears is nor a natural one, though it 
be produced by a coalition of two bodies of diſtant natures put together by the induſtry 
of man, and would not have been produced without the manual and artificial operation 
of the gardener. 

II. Bur many of the phænomena of trades are not only parts of the hiſtory of nature, 
but ſome of them may be reckoned among its more noble and uſeful parts. For they 
ſhew us nature in motion, and that too, when ſhe is (as it were) put out of her courſe, 
by the ſtrength or ſkill of man, which 1 have formerly noted to be the moſt inſtructive 
condition, wherein we can behold her. And as it is manifeſt that theſe obſervations tend 
directly to practice, ſo, if I miſtake not, they may afford a great deal of light to divers 
theories, eſpecially by affording inſtances, wherein we ſee by what means things may 
be effected by art, and conſequently by nature, that work mechanically. 

III. Tux 8 afforded by trades are therefore the fitter to be tranſlated into 
the hiſtory of nature by philoſophers, becauſe they, whoſe profeſſion it is to manage 
thoſe things, being generally but ſhopkeepers, and their ſervants being for the molt 
part but apprentices and boys, they neither of them know themſelves how to deſcribe in 
writing their own practices, and record the accidents they meet with; ſo that either 
learned men muſt obſcrve and regiſter theſe things, or we muſt, to the no ſmall preju- 
dice of philoſophy, ſuffer the hiſtory of nature to want ſo conſiderable an acceſſion, as 
the ſhops and workhouſes of craftſmen might afford it ; which acceſſion would be much 
the more copious, if the experiment of trades were made by a naturaliſt, who would 
doubtleſs ſo manage them, as to make them far more inſtructive, and better fitted for 
the deſign of a natural hiſtory, than the ſame experiment would be, if they were related 
but by an illiterate tradeſman, though never ſo honeſt. * 

AnD, Pyrophilus, to invite you, as you deſign a further progreſs in natural philoſo- 
phy, to diſdain as little as I do, to converſe with tradeſmen in their workhouſes and 

ops 3 give me leave to tell you, that as he deſerves not the knowledge of nature, that 
ſcorns to converſe even with mean perſons, that have the opportunity to be very con- 
verſant with her; ſo oftentimes from thoſe that have neither fine language nor fine 
cloaths to amuſe him with, the naturaliſt may obtain informations, that may be very 
uſeful to his deſign, and that upon ſeveral ſcores. | 

Fon firſt, tradeſmen are uſually more diligent about the particular things they handle, 
than other experimenters are wont to be; becauſe thee, if they want diligence, loſe no- 
thing but what that very want of it keeps them from taking notice of, or at moſt, the 
ſatisfaction of an unneceſſary curioſity ; whereas tradeſmen have anotherguiſe concern 
in the management of what they employ themſelves about, for their livelihood depends 
Upon it, And as, if they be careleſs, others more diligent will ger away their cuſtom , 
lo, if they do any thing extraordinary well, the chiefeſt, and, for tome time, the 
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whole benefit will accrue to themſelves, and by improving their profeſſion they better 


their income. | 
SzconDLy, As it is proverbially ſaid, that neceſſity is the mother of inventions, ſo ex. 


perience daily ſhews, that the want of ſubſiſtence, or of tools and accommodations, 
makes craftſmen very induſtrious and inventive, and puts them upon employing ſuch 
things to ſerve their preſent turns, as nothing but neceſſity would have made even 3 
knowing man to have thought on. By which means they diſcover new uſes and app: 
cations of things, and conſequently new attributes of them; which are not wont to be 
taken notice of by others, and ſome of which, I confeſs, I have not looked upon without 
wonder, | 

TrirDLy, I have ſeveral times obſerved trades deal with things unknown to claſſical 
writers, and unuſed, ſave in their ſhops. And theſe are not only factitious, but divers 
of them natural; as manganeſe (by fome called magneſca) ; and zafora (if at leaſt it be 
what many repute it) emery, tripoli, &c. and of both ſorts there are ſome that are ex- 
ceeding uſeful; as of thoſe formerly mentioned, the two firſt are to glaſs-men and pot- 
ters; and the two latter to a number of other tradeſmen ; and as among artificial con- 
cretes, ſoaders are of neceſſary uſe to gold-ſmiths, lock-ſmiths, copper-ſmiths, braſiers, 
pewterers, tin- men, glaſiers, &c. amels to gold-ſmiths, glaſs-men, & c. lakes of ſeveral 
ſorts to painters, heralds, &c. and putty to amel - founders, potters, ſtone-cutters, gold- 
ſmiths, glaſs-grinders, and divers other profeſſions. I fhall add, that even of thoſe 
natural things, of which ſome mention is made in famous books, one may learn many 
things in ſhops, not to be met with there, both as to the differing kinds of things, and 
as to the marks of their goodneſs, and as to other particulars conducive to the knowledge 
of thoſe ſubjects. And I freely confeſs to you, Pyrophilus, that I learned more of the 
kinds, diſtinctions, properties, and conſequently of the nature of ſtones, by converſing 
with two or three maſons, and ſtone-cutters, than ever I did from Pliny, or Ariſtotle and 
his commentators. | 

FourTHLy, You ſhall often find, that tradeſmen, being unacquainted with books, 
and with the theories and opinions of the ſchools, examine the goodneſs and other qua- 
lities of the things they deal with, by mechanical ways, which their own fagacity or 
caſual experiments made them light upon. And though theſe, having little or no 
affinity with thoſe, that a bookman would have taught them, will appear to him extra- 
vagant; yet being fuch, as, if they really ſerve the craftſman's turn, muſt be true and 
uſeful, their being extravagant will but make them the more new and inſtructive, and 
conſequently the more fit to be admitted into the hiſtory of nature. 

FirTHLY, The obſcrvations that tradeſmen can ſupply us with, though they are not 
probably at any one time fo accurately made by them, as they would be by a learned 
man; yet that defect is recompenſed by their being more frequently repeated, and more 
aſſiduouſly made, than moſt of the experiments, wherein men of letters have furniſhed 
natural hiſtory ; ſo that thoſe circumſtances, which are not heeded by the artificer at one 
time, may obtrude upon his obſervation at another, and, by reiterating the ſame proceſſes 
ſo often, it can ſcarce be doubted but that divers phænomena will offer themſelves, even 
to an unattentive eye, that would not have been all of them taken notice of by a more 
heedful experimenter that had performed the operation but once or twice. But this wil 
be further confirmed in the next paragraph, = 

S1xTHLY, There are tradeſmen that do often obſerve in the things they deal about, 
divers circumſtances unobſerved by others, both relating to the nature of the things they 
manage, and to the operations performable upon them. | 

Or the particulars, wherein the obſervations of tradeſmen (for the utility of. many of 


their practices is not queſtioned) may help us to inveſtigate the nature of bodies, [ covl: 
name 
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game more than my preſent haſte allows me to mention; and I ſhall, as a ſpecimen, take 
a little notice, firſt, of ſome of the remarks they have to diſtinguiſh and eſtimate what 
they call the goodneſs and badneſs of the things they deal with; and then of ſome few 
of their obſervations that depend upon the influence that time and ſeaſon have on the 
things they handle, and upon the artificers operations on them. For, to begin with the 
Grſt, although they commonly mean by ſuch terms (of goodneſs and badneſs) no more 
than the fitnels or unfitneſs of ſuch things to yield a good price, and in order thereunto 
for the purpoſes they are to be employed about in their particular trades ; yet this fitneſs 
or unfitneſs is wont to conſiſt in, or to ſuppoſe qualities that may relate to divers other 
things, and be applied to many other purpoſes. For ſome of the tradeſmen's criteria 
diſcover to us a variety and a difference of kinds in bodies of the fame denomination; as 
from the potters, the tobacco-pipe-makers, and the glaſs-men, we may learn a conſider- 
able variety of elays; and from ſtone-cutters and maſons no leſs variety of ſtones untaken 
notice of by claſfick authors. So from carpenters, joiners, and turners we may learn, 
that ſome woods, as oak, are St to endure both wet and dry weather; others will en- 
dure well within doors, but not expoſed to the weather; others will hold out well above 
ground, but not under water; and others on the contrary will laſt better under water, 
than in the air. 

AnD as the diſtinguiſhing marks we were ſpeaking of may inform us of the differences. 
and kinds of bodiesz ſo they may likewiſe on other accounts give us notice of divers of 
their qualities. Thus we find by the glaſs-men and ſoap- boilers, that ſome aſhes, as thoſe 
of kaly, bean-ſtalks, &c. do much more abound: in ſalt, than other ſome ; and yet ſome 
of thoſe ſorts of aſhes make clearer, or otherwiſe better glaſs, than the reſt do. We 
may likewiſe learn of the malſters the differing impreſſions that the barley receives accor-- 
ding to the fewel, whether ſtraw, wood, furze, &c. that makes the fire wherewith it is 
dried. And I remember, I have known an ingenious. malſter much advantaged by a 
way he had of ſo preparing malt, as if it had not been dried with wood (uſually the 
cheapeſt, but not the beſt fewel for that purpoſe) whereas indeed it was a ſecret conſiſting 
only in the choice and ſeaſoning of ſuch a kind of wood, that even the ſolid parts of it 
cleft burnt almoſt like ſtraw with a clear flame, ſo ſtrangely free from ſmoke, that I 
could not behold it without ſome wonder. | 

Tux other ſort of inſtructive obſervations to be learned of tradeſmen conſiſts of thoſe 
that are made about the operation, that continuance of time, or change of ſeaſon and 
weather may have upon certain bodies, and ways of handling them. For naturaliſts, 
uſually contenting themſelves to make their experiments but once or twice, when their 
leiſure beſt ſerves, or their occaſions moſt require, have not the ſame opportunity to diſ- 
cern what influence the temper, whffch the air then is put into, either by the ſcaſon or- 
the weather, or both, may have on the event of the trial; whereas tradeſmen, by long. 
and ſometimes: unwelcome experience, are taught ſuch and ſuch things will be beſt done 
at ſuch ſeaſons of the year, or in ſuch kind of weather; which if they be not in ſome 
_ 3 either the thing will not ſucceed, or the tradeſman will be damnified by. 

is trial. 

Inos we ſee, that tanners make choice of that part of the ſpring, when the bark 
abounds with the riſing ſap, to take it off from the trees; becauſe at all ſeaſons it will 
not be ſo good nor come off ſo eaſily. Thus joiners think not wainſcot ſufficiently 
ſeaſoned, till it be ſo many years old. And in ſeveral countries, butchers obſerve, that 
though a young bullock may be very good meat, if ſpent ſoon after. it is killed; yet if 
powdered, to be long kept, before the beaſt be four or five years old, the ſalt will too 
much fret it, and make it little worth. And J look upon. it as one of the advantages 


the. 
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the naturaliſt may derive from tradeſmen's obſervations, that the ſame things being ſuc- 
ceſſively dealt with by the father and the fon, the maſter and the apprentice, they 
ſometimes make far more long winded obſervations than the philoſopher has opportu- 
nity to do. As for inſtance, thoſe that make mortars of lignum vitæ, and will make 
them good, will keep it in the houſe twenty years, or perhaps more, to ſeaſon, as they 
call it, before they will employ it. And experienced maſons tell us, and as far as 1 
have obſerved truly enough, that as there are ſome ſorts of lime and ſtone, that will 
decay in few years; ſo there are others, that will not attain their full hardneſs in thirty 
or forty, or a much longer time. Of which I may elſewhere give you ſome inſtances, 
To the fix foregoing particulars one more may be added to the ſame purpoſe with the 


. reſt, and it is, that by frequenting the workhouſes and ſhops of craftimen, a naturaliſt 


may often learn other things, beſides the truth and falſity of what they relate, concerning 
the hiſtory of the arts they make profeſſion of, For though a tradeſman, being for the 
moſt unlearned, and aiming only at making or performing thoſe particular things, which, 
when done, are to bring profit, uſually overlook thoſe phænomena that make not to his 
purpoſe ; yet nature, (who minds as little his deſign, as he does thoſe works of her's, 
that conduce not to it) is by ſome agents and operations, that he employs to compaſs his 
ends, engaged to do ſeveral things, that have a connection with thoſe the artificer 
ſecures, or elſe do depend upon them: ſo that the naturaliſt may oftentimes obſerve in 
ſhops divers conſiderable phænomena, that the tradeſman regards not; becauſe they 
neither further, nor hinder him in his work, and will be looked upon by him as imper- 
tinent to the hiſtory of his profeſſion, in caſe he ſhould be put upon delivering it. And 
yet ſome of theſe occurring phænomena being produced by nature, when ſhe is as it were 
vexed by art, and roughly handled by ways unuſual, and ſometimes extravagant enough, 
may diſcover to a heedful and rational man divers luciferous things not to be met with 
in books, or probably not ſo much as dreamed of by the authors of them. Sundry 
examples of this I ſhall have occaſion to diſperſe in the following Eflay, and other tracts 
that are deſigned you in this ſecond volume of our preſent treatile, 


N 


I wiLL now therefore proceed to ſhew, that as the naturaliſt may, as we have ſeen, 
derive much knowledge from an inſpection into trades ; ſo by virtue of the knowledge 
thus acquired, as well as by that which he has upon other accounts, he may be as able 
to contribute to the improvement of trades, 

Tuis he may do by ſeveral ways, and eſpecially by theſe three. The firſt, by en- 
creaſing the number of trades, by the addition of new ones. The ſecond by uniting 
the obſervations and practices of differing trades into one body of collections. And 


the third, by ſuggeſting improvements in ſome kind or other of the particular trades. 


Tre firſt of theſe I ſhall here lightly paſs over, having elſwhere occaſion to diſcourſe 
of it more fully ; only I ſhall here take notice, that, for the experimental philoſopher to 
increaſe the number of trades now in uſe among us, it will not be abſolutely neceſſary, 
that he ſhould invent new ones, ſince he may do it by reviving the trades formerly 
known to the ancients, but Joſt to us; ſuch as the making incombuſtible cloth of /apis 
amiantus, the Tyrian purple, the making of Moſaick work, and thoſe many other in- 
ventions, which you may find mentioned in Pancirollus, and his learned commentator 
Salmutb. Of which it were not amiſs, that a catalogue were made publick ; for ſuch 


things, having been once actually done by men, are not impoſſible to be done again z 
an 
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and therefore I ſee no reaſon to deſpair, that in ſo ingenious an age as this, ſome, if not 
moſt, of them may be retrieved, 
Taz ſecond advantage that trades may derive from an inquiſitive naturaliſt, is, that 


by this means the ſeveral obſervations and different practices of trades, whoſe managers 


want the curioſity, the ſkill, or the opportunity, to make a general inſpection into trades, 
which they would find the more difficult to do, becauſe craftſmen will often be more ſhy 
of one another, and more backward to diſcloſe the myſteries of their art to one that may 


make a gain of it, and thereby leſſen theirs, than to a philoſopher, that inquires to 


ſatisfy his curioſity, or enable himſelf to be helpful to them. And certainly, if ſo much 
as the known hints, that may be given by the experiments already diſperſed among men 
of ſeveral profeſſions, were known to any one man, though otherways but of common 
abilities; as my own experience has in ſome meaſure informed me; thoſe united 
beams, which ſcattered are ſcarce conſiderable, would afford him light enough to bet- 


ter moſt of the particular trades, that are retainers to phil-ſophy. And perhaps, it 


were not amiſs, it-there were ſome knowing and experimental perſons appointed by the 


publick to take an exact ſurvey of the trades in uſe amongſt us, and inform themſelves 
particularly of all the ſecrets and practices belonging to them, that thus diſcerning the 


errors and deficiencies of each, they may rectify the one, and ſupply the other, partly 
by the hints afforded by the analogous experiments of ſome other trades, and partly by 
their own notions and trials. R 


Tnus a few of the more ingenious French gardeners have of late uſefully applied to the 
watering of young and tender plants that way of filtration, which is uſed by apothecaries 


with moiſtened cotton wicks or rolls, or elſe with liſts of either linen or woollen cloth, 
ſo ordered, that one end being immerſed in the liquor to be ſtrained, the other may 
hang over the brim, and out of the veſſel ſomewhat lower than the bottom, or at lcaſt 
the ſurface, of the liquor. For if this lower end of the liſt be placed over the root of 
any ſeed or tender plant, it will, by conſtantly and leiſurely .dropping on-it, water it 
much more temperately and uniformly, than can be done by common watering-pots. 
And even this way of irrigation may by a cheap and eaſy mechanical contrivance be 
very much improved. There is another practice among ſtone-cutters, that calt or 
mold things with plaiſter of Paris, to obtain finer powders than ſearces are wont to give 
them, by ſtirring the powder well in water, and after it has reſted a little while, pour- 
ing off the upper part of the troubled liquor into another clean veſſel z at the buttom of 
which there will in time ſettle an impalpable powder. I will not here tell you whit uſe 


I make of this in chymiſtry, to obtain much finer powders than are uſually to be met 


with of the ſame denomination. And I ſhall but intimate to you, that by letting the fiiſt 
water ſtand but ſo much the longer before you pour off the upper part of it, tili not on'y 
the groſſer and heavier, but the leſs fine particles be ſubſided, you may get a powder, 
yet much more ſubtle, than thoſe artificers that impioy the former way, without this 
circumftance, are wont to obtain. This, I ſay, it ſhall ſuffice me to have pointed at, 


becauſe it is more proper to take notice, that the way of ubtzining ſubile powders by. 
the help of water is uſeful, not only to the above-mentioned crafilmen, but Ikewile to 


Bials-men, potters, makers of teleſcopes, and micro:copes, thoſe that caſt metals in 


ſpaud, and other tradeſmen too. Beſides, that J may hcreaitcr have occaſion. to ici! 


you, that it is of great uſe in China for the makers of porcelain. 


Bor it is not only by acquainting artificers of different profcſBons with one another's. 


practices, that the naturaliſt may further trades, but by making materials employed by 
one tort of craftſmen ſerviceable to another. Thar philoſopher, who has iurveyed a 


Sreat number of trades, and compared them together, may do this with advantage, you, 


will 
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will eafily grant, when I ſhall have advertiſed you, that without any ſuch aſſiſtance as 
that of a philoſopher, in whom their diſtint knowledge may concenter, and who has 
{kill to enlarge the applications of them, we may obſerve, that ſometimes tradeſmen 
themſelves can make ute of one anothers productions. Of which I ſhall give you a cou- 
ple of examples, the one furniſhed me by litharge, the other by aquafortis, | 

Tae former of theſe, which is but lead powdered and almoſt vitrified, by being 
blown off (or melted into) the refiner's teſt, as it ſerves the chymiſt to take his ſugar of 
lead (which it has been obſerved to do better, than minium) and other ſaturnine medi- 
cines; ſo it ſerves divers comb-makers to die horns (as we have tried by the mixture of 
litharge, quick-lime, and ſharp vinegar. It ſerves alſo ſome painters and others to accelerate 
the preparations of their fat oils, as they call them. And ſome varniſhers to make their 
varniſhes dry quickly. It likewiſe ſerves ſome artiſts to make countetfeit gems; and we 
have tried, that by melting it with about a third part of pure white ſand, or calcined 
cryſtals, and then putting in a ſmall quantity of mineral concretes, according to the 
colour intended to be introduced, one may make ſapphires, emeralds, &c. coloured 
like the natural ones; though this way makes theſe productions too ponderous, ſoft, and 
dim, and is far inferior to another we may elſewhere have occaſion to diſcloſe. 

OTHER mechanical uſes of litharge 1 omit, to come to the ſecond inſtance I was 
mentioning, which is taken from aqua fortis. For not only refiners ule it to part ſilver 
from gold and copper (whence the French call it Eau de depart) but divers makers of 
curious wooden works uſe it for the diſcolouring and ſtaining of their woods. Dyers 
make great uſe of it about their colours, and even about ſcarlet itſelf. Other artificers 
employ it to colour bone or ivory, ſteeped for a convenient ſpace of time therein, 
having firſt made it of the colour they deſire, by diſſolving in it copper (inſtead of which 
have ſometimes uſed verdigris) or other bodies, fit for their preſent turn; and ſome 
too by diſſolving in it the fourth part of its weight of ſal armoniac, turn it into aqua 
regia, and in that make a ſolution of gold, wherewith may be ſtained (as we have tried 
and taught ſome artificers) the ivory haſts of knives, and boxes of the ſame matter, 
with a fine kind of purple colour, which yet will not ſuddenly diſcloſe itſelf on them. 
Some book-binders alſo employ aſperſions of aqua fortis to ſtain the leather, that makes 
thoſe fine covers of books that, for their reſemblance to ſpeckled marble, are wont to 
be called marbled. It is alſo employed (as themſelves have acknowledged to me) by 
ſome of the diamond cutters, to free the duſt of diamonds from metalline powders, as I 
ſhall hereafter declare. Ir is likewiſe of great (and as they imagine of neceſſary) uſe to 
thoſe that etch plates of copper or braſs. - To which may be added, that we have 
cauſed canes to be ſtained into the likeneſs almoſt of tortoiſeſnell by a mixture of aqua 


fortis, not too well rectified, which is unexpedient in this work, and oil of vitriol laid 


on at ſeveral times and places, upon canes held over a large chafing-dith of coals, 


that by the heat the ſtaining liquor may be the better ſucked in by the canes, which 


mult afterwards have a gloſs given them, by being diligently rubbed with a little ſoft 
wax and a Cry cloth. Nor are theſe all the uſes made of aqua fortis, as you will find 
hereafter by inſtances, that | reſerve for other places. But I thought fit to mention this 
iquor in this place, rather than any of thoſe many factitious bodies I might have taken 
notice of, for theſe two particular reaſons. The one, that the uſes hitherto enumerated 
of this menſtiuum, may ſerve to confirm what I told you in the ſecond eſſay, of the 
great utility of menſtruums; and the other, that though aqua fortis be a liquor of ex- 
ceeding common uſe, and wont to be diſtilled by men of ſeveral profeſſions, as chy- 
miſts, reaners, gold- ſmiths, &c. yet they have had hitherto ſo little curioſity to enquire 


into the nature of it, or vary the ways of making it, that not only the ways, 2 
2 ilfu 
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Acilful naturaliſt might direct for improving it, have not been taken notice of, but no 
ſmall overſights may be obſerved to be generally and daily made about it. And an 
ingenious gentleman of my acquairitance, by making ſome trials to improve it, has been 
ſo far ſucceſsful in his attempts, that he makes it by great odds better than that which 
the refiners are wont to employ, or, as far as my trials have informed me, than any 
J have uſed 3 and affords it for not much above half the price that is commonly given 
for it. Nor have his experiments this way alone promoted the refiner's trade, but ha 
alſo diſcloſed to him a way of clearly recovering moſt of his aqua fortis, after he has 
uſed it in the ſeparation of metals, not only in its former ſtrength, but ſomewhat en- 
creaſed in virtue; which you will the more eaſily think poſſible, if I tell you, that aqua 
fortis may be made and received in other veſſels, than thoſe that are uſual, As alſo, 
that without dreaming of this chymilt's way, I have re-obtained that menſtruum exceed- 
ing ſtrong, after having employed it upon certain minerals, for from others I know not . 
whether it may be ſo regained. And laſtly, that there are ſome bodies, beſides glaſs 
and earth, that are not brittle like theſe, and yet ſerve for the ſecond diſtillation of aqua 
fortis, though made very ſtrong at the firſt. | 

Axp fince I am mentioning of this liquor, I ſhall intimate (and only intimate here) 
that, by adding to ſaltpetre, inſtead of the uſual additament of three times its weight 
of brick, or clay, or the like, about an eighth or tenth part only of its weight of ano- 
ther ſubſtance, we have, even in ordinary ſand furnaces, obtained, though lowly, a ni- 
trous ſpirit, or aqua ſortis much ſtronger at the firſt diſtiJlation, than that which is wont 
to be ſold by our refiners, for double or rectified aqua fortis, | 

Yov, Pyrophilus, and divers other virtuoſi, have much more opportunity to make an in- 
ſpection into particular trades, than my other ſtudies and occaſions will allow me, and 
yet I have been more than once able to ſuggeſt to eminent artificers ſuch things, con- 
cerning their own profeſſion, as they tried and thanked me for. And therefore 1 have 
often wiſhed, that ſome ingenious friends to experimental philoſophy would take the 
pains to enquire into the myſteries, and other practices of trades, and give us an account, 
jome of one trade, and ſome of another, though the more are handled by the ſame per- 
ſon it will be, cæleris paribus, the better, not only delivering hiſtorically what is prac- 
tiled, but alſo adding their own reflections, and any other thing they think fit to pro- 
pote, towards the melioration of the profeſſions they write of. 

Axp to give you, for a ſpecimen of this (not perhaps the beſt that I could, but) ſuch 
an one, as will be ſure not to make you deſpair of out-doing it, I will add at the cloſe 
of this cfſay, what came into my mind, and coſt me about an hour to ſet down, about 
the trade of thoſe that ſell varniſhed wares. | 

Sous Italian writers (who indeed are to be commended for it) have given us accounts 
of ſome particular profeſſions, as beſides others, that I have heard of, but could not 
procure : Antonio Neri has written Dell” Arte Vetraria, and Benvenuto Cellini of ſculp— 
ture, and the ſtatuary*s art, and of ſome other profeſſions, worthy, with the art of glats- 
making, to be made Engliſh. ; 

AnD indecd, 1 would willingly invite both you and other virtuoſi of our own coun- 
try, as well as of others, not to diſdain to contribute their obſervations to the hiſtory of 
traces, And if you pitch upon any, you may command my tho: ghts of the method, 
wherein an account of it may be the moſt conveniently given. For I look vp a good 
liſtory of trades, as one of the beſt means to give experimental learning both growth 
and fertility, and like to prove to natural philoſophy what a rich compult is to trees, 


which it mightily helps, both to grow fair and ſtrong, and to bear much irvit, 
Vol. Ill, | 4 
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AxD this I was fo perſuaded of, that I once deſigned, if the publick calamitirs of 
my country had not hindered, to bind ſeveral ingenious lads apprentices to-ſeveral trades, 
that I might the better, by their means, both have ſuch obſervations made as I ſhould gi. 
rect, and receive the better hiſtorical accounts. of their profeſſions, when. they. ſhould be. 
maſters of them. 

III. Bur it is not only by making the practices and productions of ſome trades. ſer- 
viceable to others, that the experimental gr pray! may be a benefactor to thoſe pro- 

% feſſions. For he may do it by the third of the formerly, mentioned ways (which. in. 
fome caſes is coincident with the ſecond) namely, firſt by ſurveying the rules and obſer- 
vations aheady received, and the practices already in uſe of. each particular trade he 
would improve, and then by taking notice of two things concerning it,. viz. the defi- 
ciences and inconveniencies, that blemiſh it, and the optatives that may be made about- 
it; that he may alſo in the laſt place propoſe rational (if. not certain); methods or ex- 
pedients to ſupply or remedy the firſt ; and. either accompliſh the ſecond, or. make ap- 
proximations to it, as far as it is feaſible, or as his {kill reaches. 5 

By deficiencies and inconveniencies I do not here mean thoſe things; which are 
wanting to the abſolute perfection, which a philoſopher. might wiſh to find in the. trade 
he conſiders ; (for theſe belong to the optatives) but thoſe, which are wont to be com- 
plained of, and not irremediable, or that are wanting to a more eaſily obtainable degree 
of perfection. I ſhall not pretend to.enumerate theſe in. particular trades, but only ob- 
ſerve in general, that the chiefeſt of them ſeem to be ſuch as theſe. 

FixsT, that the artificer may be too much confined to certain materials, ſome, of. 
which may be ſcarce, or dear, or ill conditioned, in compariſon of others. that the 
naturaliſt might propoſe. As I remember, that being, in a place, where we could not 
procure good vitriol to make aqua fortis with, after the manner of our Engliſh tefiners, 
by a ſubſtitution of burnt alum for vitriol, but in a far leſs proportion, we made ſol- 
vents for filver, as good as theits, if not much better. | 

And eſpecially in ſuch caſes as-theſe it is, that the naturaliſt may be very much. aſſiſtant: 
to tradeſmen, For there are many things, which he who is acquainted with variety of 
bodies, and the accounts on which they work on one another, will either. quickly dil- 
cern to be performable by other materials, than thoſe that tradeſmen. confine themſelves. 
to, or probably gueſſed to be performable by other agents more in the tradeſmens 
power; and by making trials of his conjectures, it is like he will within a few-trials diſ- 
cover what he ſer ks. I know an ingenious perſon, that upon the general complaint made 
by tanners, of the ſcarcity and dearneſs of the bark of oak, found a way to prepare lea - 
ther without that or any other bark, as well, if not much better, than it is- wont to 
be done the ordinary way, at leaſt, as far as I, and divers others more ſkilful than I, 
could gueſs by ſome val icty of it, which he ſhewed me. And this variety of materials, 
which may be ſuggeſted by the natutaliſt, is therefore the more conſiderable, becauſe, 

that though the ſuggeſted materials be dearer than that in common uſe, yet it may be ſo 
much better condxioned in other regards, as to be preferable to it. And though 
diamond duſt be very many times dearer than.the powder of emery, yet I ſometimes: 
cauſe work to be done for me in a ſhop, where, to cut ſome gems, and even loadſtones 
themſelves, the craftſmen I made uſe of did, by my encouragement, employ the precious 
powder of diamonds, inſtead of that of emery, becauſe the former makes fo great a dil- 
patch, and obliges them ſo much the ſeldomer to change their tools they apply it with, 
as makes an advantageous amends for the dearneſs. And ſo, though common ſpelter- 
foder be much cheaper, than that which is made with ſilver inſtead of ſpelter, yet in di- 


vers caſes, this laſt is preferable, even by artificers themſelves, For trials informs Fo 
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that this will run with ſo moderate a heat, as often needs not endanger the melting of 
thin and delicate pieces of work, that are to he ſodered ; and if this ſilver- ſder be ſo 
well made, as ſome I can ſhew, you may with it, ſoder even upon ſoder itſelf, made 
the ordinary way with braſs and ſpelter, and ſo fill up thoſe little holes or crannies that may 
have been left or made in the firſt ſodering, and are not ſafely to be mended, but by a 
{cder more eaſily fuſible than the firſt, 

SECONDLY, that the tradeſman may be confined to certain ways of working, when 
perhaps it would be much more advantageous to him, if he had others propoſed him 
by the experimental philoſopher, who may perhaps diſcern, that what is mechanically 
done by the artificer, may be better done phy ſically; and on the contrary. Whereas 
goldſmiths, firſt directed probably by ſome chymiſt, by boiling filver-ſpurs, hilts, &c. 
of curious workmanſhip in ſalt, alum, and argol, give it that whiteneſs and clearneſs, 
wh.ch it would ſcarcely be ſecurely brought to by bruſhing, or pumice ſtone, or putty. 
And the like clearneſs, experience has informed us, that old ſullied pieces of good gold 
may be brought to in a trice, by the help of warm aqua fortis. And as there are di- 
vers other things (ſome of which you will find mentioned in a following eſſay) that, 
though wont to be done mechanically, may be done better by phy ſical means; ſo of thoſe 
things that ought to be done mechanically, many things, that are wont to be done by 
the labour of the hand, may with far more eaſe and expedition (the quantity conſidered) 
be performed by engines; by which, if they be ſkilfully deviſed, our obfervat:ons make 
us bold to think, that many more of thoſe, that are wont to require a laborious or ſkil- 
ful application of the hands, may be effected, than either ſnop- men or book- men ſeem 
to have imagined, For not to mention thoſe ſeveral inſtruments, on which I have ex- 
tempore played divers tunes that I had never learned, when we ſee, that timber is ſawed 
by wind-mills, and files cut by flight inſtruments, and even ſilk- ſtockings woven by an 
engine, beſides divers other artificial inventions left not named, becauſe they cannot in- 
telligibly be ſo in few words, we may be tempted to aſk, what handy work it is, that 
mechanical'contrivances may not enable men to perform by engines? 

TrinDLyY, there may be deficiencies alſo in this, that what the artificer undertakes is 
either long in Coing (as in the ordinary way of tanning, brick-making, ſeaſoning cf 
wood, &c ) or takes up more pains, or requires a greater apparatus of inſtruments, or 
ele in ſome other way more chargeable, or troubleſome, or laborious to be effected, 
than it needs be. And theſe kinds of deficiencies may in very many caſes be ſupplitd by 
the experimental philoſopher. As I know an inquiſitive perſon, that has upon a ſolemn 
trial, tanned as well as the maſters of the profeſſion, in far leſs time, (and it I much for- 
get not, in leſs by above half) than they; ſo in ſome places they have a quick way of 
kaoving ſome kinds of wood, for the uſe of ſea-timber, by baking it in ovens, (which 
way I have alſo known uſed here in England, to ſeaſon ſome ſorts of wood for other 
uſes in a few hours ;) ſo, whereas our grinders of dioptrical glaſſes have hitherto believed, 
that they muſt make uſe of Venice glaſs, which is very dear, and oftentimes very ſcarce 
to be come by, ſome virtuoſi, conſidering that the great clearneſs-of an object-glaſs is 
rather an inconvenience, than a very deſirable qualification, have newly taught ſome of 
the artificers to empley that coarſer and cheaper ſort of glaſs, they call green-grals, 
which is made here in England, inſtead of the other, which now begins to be thought 
by the ſkilful (with whom my ebſervat.ons diſagree not) to be inferior to it. And ſeve- 
ral dyers employ our woad, which is not far fetched and much cheaper, inſtead of 
the caltern indigo, for dying of ſome (if not all) forts of blues, and thoſe other colours, 
Which that grand tincture prepares the cloth to receive, 
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FouRTHLY, another ſort of deficiencies or inconveniencies may be the want of durable. 
nels, either as to the very being of the thing produced by the artificer, or as to the 
beauty or the goodneſs of it. | 0 

Or the former ſort may be (not to mention the decay and ſouring of cyder, perry, 
&c.) the cracking of glaſs of its own accord, and particularly that which is complained 
of by divers who deal in teleſcopes, that the object-glaſſes, which are wont to be 
made, as I was ſaying, of fine Venice glaſs, will ſometimes, eſpecially in water, flaw of 
themſelves, and ſo grow ulcleſs, to prevent which, ſome, that are very curious, carry 
them in their pockets, | 

Or the latter ſort is the fading of the bow-dye of water colours in limning, and the 
ruſt of ſhining arms, and other poliſhed ſteel: Divers of theſe inconveniences alſo the- 
naturaliſt may obviate or remedy; as ſome of the virtuoſi above-mentioned, by teach-: 
ing the gla!s-grincers to make the object- glaſſes of their teleſcopes. of green glaſs, have 
taught them a way to make them durable in ſpight of the viciſſitudes of weather. And 
] have had pieccs of artificial cryſtal, whereof ſome, though in no Jong time, cracked 
in ſo many places, that they changed their tranſparency for whiteneſs; yet another, 
though much larger, did, as I conjectured it would, hold found during ſome winters, 


nor was ever broken but by accident: and I remember, I told the artificer, in whoſe - 


furnace the cryſtal, that laſted not, had been made, that I took, as I do ſtill, the rea- 
ſon of the difference to be, that the durable cryſtal had but a due, and the other an over 
great proportion of fixed ſalt. The reaſons of which conjecture I ſhall have occaſion: - 
to give you in another place. | 
AND, as to the ſcarlet dye {whereof I lately made mention) that it may be much ad- 
vanced, as to point of fixedneſs and laſtingneſs, beyond the common bow-dye, I was. 
perſuaded by an hon ſt merchant of Amſterdam, who had got a great eſtate by colouring of 
cloth, and was particularly curious about the ſcarlet dye: for he preſented me with a. 
piece of ſcarlet (of which he ſaid he could make enough at a reaſonable rate, wherein he 


almoſt defied me to find either any part undyed, or to ſtain it with vinegar, lixivium, 
and other liquors that he named; and indeed by cutting it I found, that though it were 


a thick piece of cloth, the middle of it was not (as is uſual in ſcarlets) white or pale, 
but it was dyed quite thorough ; and though of ſcarlet I ſhall elſewhere have occaſion to - 
ſpeak farther, yet I the rather mention it in this place, becauſe it affords me a notable 
inftance, that trades may be conſiderably improved by thoſe that do not profeſs them. 
For the moſt famous Cornelius Drebel, who was the inventor of the true ſcarlet dye, was 
a mechanician, and a.chymiſt, not a dyer; and as an ingenious man (that married his 
daughter) related to me, was ſo far from having been verſed in that profeſſion, when 
ſome merchants put him upon the advancement of a certain way of dying a fine red, or 
rather crimſon, that had been a while before caſually lighted on in Holland, and proved 
very gainful to the finders, that he did not know fo much as the common way of dying 
the ordinary rede, though the merchants having once taught him, that, by the help of 
a ſagacious conjecture (to be told you in one of the following eſſays) he ſoon invented 
the true ſcarlet dye, which has ſince been ſo much eſteemed. 

IT now remains, that I mention in a few words the optatives, that may be propoſed 
by the naturaliſt about the particular trades he would improve. By which name of op- 
tatives ] mean all thoſe perfections, that being deſirable, are rather very difficult, than 
abſolutely in, oe, to be obtained. Of which optatives there may ſometimes belong 
ſcveral to oe cr_ tt or profeſſion, | 

Or this fort, in the blackſmich's profeſſion, may be the making iron to be fuſible, 
with a g nile heat (as the flame of a candle) and yet hard enough for many 9 
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uſes. In the glaſs-men's trade and the looking-glaſs-makers, may be the making of 

glaſs malleable or Aexible. In the clock-maker's trade, the making the newly deviſed 

pendulum clocks, uietul in. coaches, boats, ſhips, and in other caſes where they are 
ut into irregular motions. 

Ix the braſier and copperſmith's trade, the making of malleable ſoder. In the ſhip- 
wright's art, the making of boats and other veſſels to go under water. In the diver's 
profeſſion, ſome {mall and manageable inſtruments, to procure conſtantly, at the bot- 
tom of the ſea, freſh air not only for reſpiration, as long as one pleaſes, but alſo for the 
burning of lights. «5 ; | 

Ix the aſſay-maſter*s trade, the quick. melting down of ores, and cupelling of them, 
or at leaſt of metals, in a trice, without bellows or furnace. 

In the carver's and joiner's trades, the way of giving a ſhape to wood in molds, as 
we do to plaiſter of Paris and burnt alabaſter, 


I xxow, Pyropbilus, that ſuch optatives may be thought but a civil name for chimerical 
projects; but I ſhall hereafter more fully declare to you, why I think it not altoge- 
ther unuſeful, that ſuch optatives ſhould be propoſed, provided, as I hinted above, 
that they be very. difficult, and not impoſſible ; that is, that they be ſuch as are not 
repugnant to the nature of the things, nor the general principles of reaſon and philo-- 
ſophy, and ſeem no otherwiſe to be chymically or mechanically impoſſible, than be- 
caule we want tools, or other inſtruments, and ways to perform ſome things neceſſary 
to the compaſſing of the propoſed end, or to remove ſome difficulties, or remedy 
ſome inconventencies, that are incident to us in the proſecution of ſuch difficult deſigns. 

Axp let me here tell you, Pyrophilus, that this advantage may be derived from the de- 
viſing of ſuch optatives to bold and ſagacious men, and 1f they deſpair of attaining to 
the perfect ion they are invited to aim at, they may at leaſt endeavour to reach ſume 
approximation to it. Thus unſuſpected eye- witneſſes have informed us, that in ſome 
countries they are wont to ſhoe hories without the help of a furge, bringing their iron 
to ſuch a temper, that, having a company of ſhoes ready made, they can eaſily ham- 
mer them cold, fo as to fit them to the ſize of any horſe's foot, which the heat of the 
climate, where this is uſed, makes the greater conveniency, Nor do I much doubt, 
but, that by various tempers, iron may be made very ſoft and afterward hardened ; . 
and the rather becaute, as | elſewhere tell you, we have, without antimony or ſulphur, 
melted it in a crucible, fo as to pour it out like lead, and yet afterwards it grew harder 
than it was at firſt, So, that flexible looking-glafſes may be made with the help of lel-nitis, 
vou will ellewhere be ſhewn; as alfo to foliate with eaſe all kinds of hollow glaſſes, and 
lo turn them into ſpecula. That malleable ſoder may be made, though we have not 
jet performed it, we do not much deſpair; and by good filver-foder tome approxima- 
tion to it has been alrcady made. | | 

SUBMARINE navigation, at leaſt for a ſhort ſpace, has been ſucceſsfully attempted by 
the excellent Cornelius Drebel, as Merſennus aſſures us; and as I have been informed, 
both by Drebel's ſon-in-law, and by other judicious perſons, that have had the account 
of tiials from the very men that went in the veſſel under water for a good while toge- 
ther; who affirmed,. that though there were many in the boat, ytt they breathed very 
ircely, and complained not of any inconvenience lor wart of treh ar. And here allo 
give me leave to take notice, that this inventive Dretel was no piotcſkd ſaipuriyhr, . 
nor fo much as bred a ſeaman. 

As for the optative propoſed for the divers, J know one of them, who by a flight in- 
ſtrument, that is all under water, and has not, as chers, any chimney open to the ar 
| | above 
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above the ſurface of the water, has been able to ſtay divers hours at the bottom of the 
ſea, and remove his reſpiratory engine (if I may fo call it) with him; and Merſennys 
aſſures us, that a much better way, and in my opinion an admirable one, (if the thing 
be certain) was found out and practiſed in his country, by one Barieus, who was able to 
ſtay ſix hours under water, by the help of an-almoſt incredibly ſcant proportion of air, 
and even to preſerve, at the bottom of the ſea, the flame of a lamp or candle, in a 
veſſel not much bigger than an ordinary lanthorn. 

As to the optative propoſed in the aſſay- maſter's trade, I ſhall in the next eſſay teach 
you a way of cupelling in ſmall quantities, without a furnace, or coals, or ordinary 
cupel, or other veſſel. LES. 

Anp I remember, that by way of approximation, I made a certain powder, with 
which, without a furnace, I have, in a trice, melted lead-ore (which very often holds 
filver) into metal, and perhaps conſumed ſome of the baſer metal too. 

Aub laſtly, as for the making of emboſſed works of wood in molds, I am credibly 
informed by a learned man, that-it was actually performed 4ately at the Hague by the 
ſecretary of a foreign ambaſſador ; but of the way I could not procure the leaſt hint, 
though tuppoling the truth of the relation, I ſuſped&t it was done either by ſome men- 
ſtruum, that much ſoftened the wood, which may afterwards be eafily hardened again, 
by which way tortoiſe-ſhell may be molded ; or elſe, by reducing the wood into pow- 
der, and afterwards uniting the parts into one body with ſome very binding and thin 
kind of glue, whoſe ſuperfluous parts may afterwards be preſſed out. And I remem- 
ber, I began (but was acci.ientally hindered to proceed) a trial to make an approxima- 
tion to this by the help of a rare glue, of which 1 had the hint, without being much 
beholding to him for it, from the practice of an ingenious tradeſman, which, as I now 
prepare it, is made by ſoaking the fineſt ichthyo-colla (i. e. iſinglaſs) for twenty-four, or 
at leaſt for twelve hours, in £ irit of wine (or even common brandy, for the menſtruum 
need not be very good, unleſs for ſome particular uſes). When by this infuſion 
the liquor has opened and ſoftened the. body (which will much ſwell) both the ingredi- 
ents are very gently to be boiled together (and kept ſtirring, that the ichthyo-colla burn 
not, till all be reduced to a liquor, ſave perhaps ſome firings, that are not perchance 
very diſſoluble) when it is boiled enough, a drop, ſuffered to cool, will ſoon turn to a 
very firm jelly, an] whilſt it is hot, it ſhould be ſtrained thorough a piece of clean 
linen into a glaſs or other veſſel that may be kept well ſtopped ; a gentle heat ſuffices 
to melt this glue into a tranſparent liquor with little or no colour, and yet this fine thin 
glue holds ſo ſtrongly, and binds ſo very faſt, that having ſometimes taken two ordi- 
nary ſquare trenchers (for the round ones are wont to be too thick) and laid the one a 
pretty way over the other, a little of this liquor put between them, and ſuffered to dry 
of iticlf, united the trenchers ſo faſt, that when force was employed to break them, it 
did it elſewhere, not where they were joined together: ſo that it ſeems, the gluten that 
faſt-ned the trenchers together, was ſtronger than that which joined the parts of the 
me trenchers to one another. The other uſes of this jelly (which by reaſon of the ſpi- 
rt of wine will not eaſily corrupt like other jellies) belong not to this place. Only J 
ſhall add to our preſent purpole, that having taken ſome common ſaw-duſt, and after 
having imbibed it with melted glue, ſtrained out flightly what was ſuperfluous through 
a piece of linen, and ſhaped the reſt wuh my hand into a ball, this negligent trial 
(which was only made to ſee whether a more accurate might be hopeful) made the ball, 
aiter it had been lciſurely dried, ſo hard, that being thrown ſeveral times againft the 
floor, it rebounded up without breaking z but as I was ſaying, an accident hindered me 
from proſecuting the experiment, which therefore I recommend to you. : | 
| | WILL 
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Twilr not now ſtay to tell you, Pyrophilus, how it may aſſiſt you toward the mak- 1 
ing ſuch approximations, as we have bren ſpeaking of a little above, to take each of the 
difficulties, you would ſurmount, into the ſeveral parts it may be conceived to conſiſt of, 
and make an enumeration of the poſſible ways of maſtering each of theſe, according to 
ſme methods that might be propoſed 3 becauſe to diſcourſe of this ſubject would take 
vp too much of the time allotred to the following eſſays, and therefore ] (hall conclude: 
this, by obſerving to you, that as you arc, I hope, ſatisfied, timt experimental philoſo- 

phy may not only itſelf be advanced by an inſpection into trades, but may advance 
ſo the happy inftuence it may have on them is none of the leaſt ways, by 
which the naturaliſt may make ir uſeful to promote the empire of ran: For that the 
due management of divers trades is manifeſtly of concern to the publick, may appear 

by thoſe many of our Engliſh ſtatute- laws yet in force, for the regulating of the trades - 
of tanners, brick burners, and divers other mechanical. profeſſiens, in which the law». 


giyers have not ſcorned to deſcend to ſet down very particular rules and inſtructions. 


n) MMI 3a. 


1: Y-TAVING in the foregoing eſſay mentioned a way of making ſpherical, and other 
T  bollow looking-glaſſes, with an intimation that it ſhould- not be a ſecret to you, 
I.ſhall no longer delay to acquaint you with it, partly, becauſe, though it may, ſeem but 
a curioſity, yet it. may not prove uſeleſs to you in making, very.calily, divers catoptrical 
experiments, that are otherwiſe difficult enough; and partly, becauſe trial hath informed 
me, that ſome. ways preſcribed, of thus: foliating glaſſes, were much inferior to what was 
pretended. Ard even in a recent and famous writer, I lately found a proceſs of perform- - 
ing this, which when | had read over, 1 ſoretold it would not ſucceed, which prediction 
was ſoon verified by experience; and indeed they that know the way and difficulty of 
foliatirg much more traCtable glaſſes, than hollow ones, will ſcarce wonder, that it ſhould 
not be found a very eaſy matter to foil, eſpecially without heat, ſpherical, cylindrical, _ 
and other concave glafles on the inſide, to which the figure of the glaſs prohibits ordinary 
foils to be faſtened ;. yet a mixture, that by the ſucceſs appeared to be fit enough for ſuch 
a. purpoſe, 1 chanced to ſce employed by an illiterate wardering fellow 1 met with in 
the country, the conſideration of whole practice did, I confeſs, ſuꝑgeſt to me another mix- 
ture, that 1 after wards ſeveral times tried, and found it to foliate not only ſpherical glaſſes 
(to which he confined himſelf) tut other cor cave glaſſes, at Ieaſt as well as his, if not 
better, which he held for a great ſecret, and which indeed excelled any I have met with + 
To give you then the way I have practiſed myſelf, take tin and lead, of each 
one pert (by weight) melt them together, and forthwith acd ct a good tinned-glaſs (or 
bilmuth) two parts, carefully ſkim off the droſs, and afterwards, taking the crucible ff 
the fire, before the mixture grow cold, put to it ten parts of clean quicklilver, and having 
ſtirred all well together, keep this foliating liquer in a clean rew glaſs for uſe. When 
you would employ it, ſtrain it through a clean linen cloth, to ſever it from drofs, and 
then by the hole of . the ſpherical or cylindrical glaſs, put in a long and narrow funnel of 
paper, reaching almoſt to the bottom of the glals, that the falling liquor may nor ſputter - 
to the ſides, By this funnel you muſt ſoftly pour in ſome ounces of the mixture, and 


then 
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then dexterouſly and leiſurely inclining the glaſs every way, endeavour to make it faſten 
on all the inward cavity thereof : this being done for the firſt time, and the veſſel bein 
laid. aſide for ſome hours, that the foil may the better {lick to it, it is beſt to take it in 
hand again, and after the former manner frequently, but flowly, paſs the liquor over 
thoſe parts of the glaſs, which by holding it againſt the light you ſhall diſcern not to 
have been ſufficiently foliated the firſt time; afterwards the glaſs being again laid aſide 
for ſome houis more, the former operation is to be reiterated once (or if it be needſul 
twice) more, until you find the gla's equally and ſufficiently fotled, which, when you 
perceive it is, you may gently pour out the ſuperfluous liquor, to be, reſerved for the 
ſame u'e in other glaſſes, Laſtly, with a cloth well ſprinkled with putty or ſcraped 
tripoli, or for need, powdered chalk, the outſide of the. glaſs mult be carefully rubbed, 
to take off the foulnels it may have contracted by being handled, and to make it look 
clean and poliſhed, Fg 

Tuis way J have made uſe of in glaſſes of ſeveral ſizes and figures, and preferred 
before that, which I remember, I once ſaw tried, and was aſcribed to a learned Italian, 
one Caneparius, as being more eaſy than it, and more ſafe in regard ours need no arſe- 
nick. I found it alſo much better than another, which is kept as a ſecret and highly 
eſteemed, becauſe though the ingredients, abating the tin, be the ſame in both, yer in 
the way already delivered, the liquor or amalgam being uſed cold, there is no danger 
of breaking the glaſs to be poleated, or miſtaking the degree of heat to be given it, to 
both which inconveniencies trial taught me, that the other way 1s obnoxious, 

II. Axp on this occaſion it will not be amiſs to acquaint you, that J made this im- 
provement of our way; that having made the outſide of glaſſes fo foliated very clean, I 
have (by laying on very thinly ſuch a kind of varniſh, as that yellow one elſewhere de- 
ſcribed, as fit to make gilt-leathern hangings) made them appear richly gilt, and yet ſo 
bright and poliſhed, that they would, notwithſtanding this gilding, ſerve very well 
for looking-glaſles. 

III. Wrar other improvements I made of this experiment, I muſt not here inſiſt on, 
eſpecially that I may comply with the haſte, which obliges me to omit what I had 
thoughts of annexing here about varniſhes; ſo that though I have made many trials 
(whereof another time you may command an account) about ſeveral forts of them, ſome, 
that emulate gilding upon metals as well as leather, others, that imitate and diverſify (it 
not al'o excel) the China varniſh, and others deſigned for differing purpoſes, yet I can at 
preſent only tell you in general, that they are an uſeful, as well as ornamental, fort of 
productions, and capable (if I miſtake not) of much improvement. 
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Things, may enable a Man to perform thoſe Things Phyſically, 


that ſeem to require Tools and Dexterity of Hand, proper to 
Artificers. | 


AME particulars to be mentioned in this eighth eſſay might have been ranged partly 

under the preceding diſcourſe, and partly under the eleventh eſſay, (which will 
be the laſt of this treati'e,) whoſe titles are comprehenfive enough to take in the inſtances, 
that make up this preſent diſcourſe z which yet I have rather choſe to deliver apart, not 
oy becauſe they ſeem ſomewhat differing from the examples alledged in the two men- 
tioned eſſays, but chiefly becauſe the uſes, that may be made of fuch inſtances, may 
make them deſerve a diſtin& and peculiar mention. For it is both a notable argument 
ol the induſtry of mankind, and may prove a great encouragement to it, that the help of 
pbiloſophy may ſupply the office of manual dexterity, ſtrength, or art; and a knowing 
head may do what is thought not performable but by a ſkilful hand, or an arm aſſiſted 
by ſome inſtrument or engine. And of theſe inſtances (which may be juſtly looked upon 
as ſo many trophies of human knowledge, and ſo many inciter-nts to human induſtry) it 
will be needleis to make any diviſion; and therefore I ſhall barely ſet them down as they 
come into my mind, no other order being necefisry for particulars that are brought 
but as proofs, and have not a dependency upon one another. 


Tae afſertion, that makes the title of this diſcourſe, the king of Spain finds true ſo 


* Wn advantage, that, if I miſtake not, it amounted for a good while to divers 
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millions yearly. For whereas formerly in the ſilver- mines of Potofi in Peru, (accounted 
the richeſt in the world) it was wont to be a very tedious, laborious, and conſequently 
chargeable work, to ſever the ſilver particles of the ore from the ignobler parts of it, 
by many flow and coftly, both manual and metalurgical fuſions, and other ways of 
ſegregation, much of that labour is now ſaved by Pero Fernandes de Valeſco, who, as 
Acoſta informs us, firſt made uſe at Poteft of the property of quickſilver to amalga- 
mate with the nobler metals. For now, by accurately grinding the powdered and ſcarſed 
ore with quickſilver (ſtrained through a cloth) and ſalt, and decocting them for five 
or ſix days, in pots and furnaces fitted for the purpoſe, the greedy mercury licks up 
the ſilver and gold (which it ſometimes meets with) without meddling with the ignobler 

arts of the orte; and being enriched with as much of them as it can imbibe, and dili- 
gently waſhed from the adhering ſordes, the amalgam is, by diſtillation with a ſtrong 
fire, freed from the mercury; which coming over revived into the receiver, leaves be- 
hind it the fixed metals, viz. gold and filver, which may be afterwards (if need be) 
eaſily reduced into bodies, and parted by the common way. And by a not unlike way 
ſome of our geldſmiths and refiners are wont (as themſelves inform me) to regain out of 
the duſt and ſweepings of their ſhops, the filings and other ſmall particles of gold and 
filver which fall to the ground in their operations, and in proceſs of time may amount 
to a conſiderable value. 

To make an head, exactly repreſenting the ſize, ſhape, and lineaments of the face of 
any living man, ſeems to require an exquiſite {kill in the ſtatuary's art; and yet at m 
deſire, and in my preſence, that was lately performed by a tradeſman after the follow- 
ing manner: the party, whoſe face was to be caſt off, was laid flat upon his back, hav- 
ing round about the edges of his forehead, his cheeks, and his chin, ſomething placed 
to hinder the liquid plaiſter from running over on his hair: then into each of his nol: 
trils was put a hollow piece of ſtiff paper, of about a quarter of a foot long, and of the 
figure of a ſugar- loaf, and open at both ends, that the affuſion of the plaiſter might not 
hinder him to take breath. And of theſe pipes, which were carefully oiled over, the 
acuminated extremes reſted upon his noſtrils, and the other were ſupported by one of 
the aſſiſtant's hands. Then his face being l'ghtly oiled over, to hinder the plaiſter from 
ſticking to it, with oil olive, and his eyes being ſhut, alabaſter newly calcined in a cop- 
per-kettle, till it was as waite as before, was tempered up with fair water to the conſiſt- 
ence of batter, and by ſpoonfuls nimbly put all over his face, till the matter lay every 
where near an inch thick. Almoſt as ſoon as it was all laid on, it began to grow ſenſibly 
hot, and in about a quarter of an hour hardened into a kind of Japideous concretion 
which being gently and eaſily taken off, ſhewed us, in its concave ſurface, the exact 
impreſſions made there by the parts of the face, and even by the ſingle hairs of the eye- 
brows. In this mould they caſt a head of good clay, by working it in, and on that 
head they open the eyes, which in the prototype and mould were ſhut, and, if need be, 
heighten the forchead, and make what other amendments they think fit; and anointing 
this new face with oil, they after the former manner make a ſecond mould (of two parts, 
contiguous all along the ridge of the noſe} with calcined alabaſter, and in this ſecand mould 
(lightly 0:1e4 on the inſide, they caſt with the ſame matter the fore- part of an head, more 
like the original, than ever I ſa made by the molt ſkilful ſtatuary, and yet with ſo much 
eaſe, that the very firſt trial I made myſelf to caſt a face thus, ſucceeded, 

To take the impreffion of a leaf, or other flattiſh part of a plant, it may ſeem requiſite 
that a wan be a go painter; and yet J found, that the thing may be performed, only 
by holding a whole leaf (or ſprig of roſemary, &c.) in the {ſmoke of a picce of common 


gum ſandarack, reſin, camphire, or ſome ſuch body, that emits a copious and fuligi- 
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nous ſteam (for which purpoſe I have made uſe of a common link, when that was 
moſt at hand); for the leaf being well blacked by theſe fumes, and placed betwixt the 
leaves of a ſheet of white paper, if you carefully preſs the paper upon the leaf with the 
haft of a knife or ſome other ſmooth thing, you may thereby print on the paper in a few 
moments the exact ſize and figure, but not colour, of both fides, but eſpecially the 
back-ſide of the leaf, wich the very ramifications of the fibres that are diſſeminated 
through it. And this may be performed, though not ſo lively, by blacking the plant, 
whoſe picture is required, with the fumes of a candle or taper (eſpecially if it be of wax) 
inſtead of thoſe of the aforementioned reſinous concretes, and afterwards proceeding as 
in the former experiment; which ſometimes may be of good uſe to you, when you turn 
botaniſt, and in your travels meet with plants, whoſe pictures you think worth having, 
but have not time or conveniency to draw them, | 

ANOTHER inſtance, of the ſame import with the foregoing ones, may be afforded us 
by the art of etching, whereby copper and filver-plates may be enriched with figures, 
which may ſeem to have been made by the tool of ſome excellent graver ; and yet tho 
engravings do not require the preſumed manual ſkill, and are made without ſuch tools, 
by having a peculiar fort of varniſh (for on the goodneſs of that depends much of the 
ſucceſs of the operation) on the plates, and drawing on it the figures to be engraved. 
For all thoſe lines, where the plate is freed from the varniſh, by ſkilfully tempered 
aqua-fortis (from whoſe corroſive violence the remaining varniſh ſecures the reſt of the 
plate) may be ſo curiouſly wrought on by thoſe few artiſts that are ſkilful in it, that I 
have very ſeldom ſeen lovelier cuts made by the help of the belt tempered and beſt handled 
gravers, than I have ſeen made on plates etched, ſome by a French, and others by an 
Engliſh artificer. 

Bur the knowledge of the phyſical properties of things may ſometimes enable a man 
to perform, not only things to which mechanical tools and manual dexterity ſeem to be 
neceſſary, but ſome things alſo, whereto even mathematical inſtruments, and ſkill in 
— are thought requiſite; of which I ſhall at preſent propoſe a couple of in- 

ances. 

Ix the elſewhere mentioned French abridgment of Galilæo's Italian book *, I find a 
peſſage very pertinent to our preſent deſign, which agreeing very well with our obſerva- 
tian of that kind, we ſhall propoſe it a little more clearly, as follows: 

SUPPOSE in a high church (the book exemplifies Naſtre Dame) the great candleſtick that 
hangs from the top of the church being made to ſwing, a philoſopher that has obſerved 
that the vibrations of a pendulum, though the arches it deſcribes be unequal, are in the 
ſenſe formerly declared equitemporaneous; and thar, when the ſtrings at which ſuch 
pendulums hang, are very unequal, their lengths will have the ſame proportion as is be- 
teen the ſquares of the numbers of their ſingle vib ations performed in the ſame time; 
ſuppoſe, I fay, that ſuch a perſon have a pendulum with him, whoſe firing (which way 
be of any length, ſo it be determinate) is, for example, a yard long, it will not be di3- 
cult for him, without any qua.irant or geometrical inſtrument, to find out the length of 
the ſtring that ſupports the candleſtick, and conſequently the height of the church. For 
the candleſtick and the ſhort pendulum being made to ſwing, beginning both at the 
lame time, let, us ſuppoſe, that when the candleſtick has made nine vibrations, the pen— 
dulum of a yard long has made 54, the ſquares of theſe two numbers will be 81 and 
2916; and becauſe, as we lately ſaid, the length of the pendulums will have the ſame 
proportion with the ſquares of the number of their vibrations, dividing 2916 by 81, the 


* Ncuvelles penſees de Galileo liv, I, 
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product will be 36; which ſhews, that the firing at which the lamp hangs is 36 times ay 
long as that of the ſhorter pendulum, and conſequently a yard, containing three feet, 
amounts to 36 yards, or 108 feet. 

Uyon the knowledge of another rn property of heavy bodies, I remember ! 
have grounded a way to meaſure vaſt heights and depths without any geometrical inſtru- 
ments, and in ſuch caics where ſuch an inſtrument cannot be employed, by the help of a 
pendulum z which, becauſe in this caſe it muſt be very ſhort, will require an attentive and 
expert obſerver. For it being known, that a ſtone, or a piece of lead, or the like folid 
weight, falling fiom a height, does fo accelerate its deſcent, that the differing ſpaces it 
has tranſmitted at any differing times aſſigned, will have betwixt the ſame proportion 
with the ſquares of the times, wherein the reſpective ſpaces were tranimitted ; if it be 
once known by diligent obſervations, how far a ſtone, or ſuch a ſolid body (whoſe 
greater or leſſer bulk is not here conſiderable) does fall at the end of the firſt ſecond- 
minute of its niotion downwards, it will be eaſy enough for a naturaliſt verſed in the 
doctrine of proportions, to collect, from the time that the ſtone employs in deſcending 
perpendicularly trom the top of a high tower or ſteeple, how high that building is. This 
way of meaſuring, provided attention and accuracy be not wanting, we found agreeable 
enough to divers obſervations of our own and our friends; and by this way, one may 
meaſure the depth of a well (to the ſurface of the water) how deep ſoever, though the 
bottom, as it is uiual, by reaſon of the darkneſs, cannot be ſeen, which makes the depth 
unfic to be meaſured by quadrants and ſuch like geometrical inſtruments, For if at the 
ſame time that you let fall a ſtone or other weight, you alſo let go a pendulum that vi- 
brates quarter-ſeconds, that is, makes two excurſions, and as many returns in the ſixtieth 
part of a minute, and reckon its vibrations, till you hear the noiſe made by the ſtone 
daſhing againſt the water in the bottom of the well, you may eaſily enough collect the 
depth. For let it be ſuppoſed, that it be found by experience, that a falling ſtone, or 
other like weight, do in the firſt ſccond-minute of its deſcent diſpatch (as the diligent 
Merſennus affirms himſelf to have often found) 12 feet (which I underſtand of French, 
not having found it hold in Engliſh meaſure) and let us alſo ſuppoſe the pendulum to 


have perfected fix ſingle vibrations before the daſhing of the ſtone againſt the water was 


heard; if we procced according to the rule formerly given, we ſhall find, that if the 
time wherein the falling ſtone tranſmitted thoſe ſpaces, that are to direct our calculation, 
be one and ſix, the ſquare of thoſe two numbers being 1 and 36, the ſtone mult have 
fallen at the end of the ſixth ſecond 36 times as far as at the end of the firſt, And fince 
by obſervation (about whoſe accurateneſs we need not be ſolicitous here, where we deſign 
only the giving an explanatory example) a falling ſtone in the firſt ſecond deſcends 1 2 feet, 
we need but multiply 36 by 12, to obtain in the product 432, the perpendicular depth 
of the well to the ſurface of the water. And the ſame number may be collected, and 
perhaps you will think more eaſy, by ſuppoſing, as Galileo's experiments ſeem to prove, 
that a falling body accelerates its deſcent according to a progreſſion of odd numbers, 
beginning from an unit; fo that, if in the firſt ſecond minute, or any other determinate 
part of time, it falls one ſpace, whatever that be, in the next ſecond it will fall three 
ſpaces, and in the third five ſpaces, and ſo onwards z according to which reckoning, if 
the falling body be ſuppolcd to deſcend 12 feet during the firſt ſecond, it will deſcend 
36 (beſides the former 12 in. the next ſecond) in the third 60, in the fourth 84, in the 
fifth 108, in the ſixth 132, which, ſummed up together, amount to 432. And, by the 
ſame way, one may meaſure the height of divers precipices how great ſoever, as far as 
one can rcaca downward in a perpendicular line. And one may alſo give ſome guels at 


the depth of ſome volcanos, which are not acceſſible to thoſe that know but the common 
ways 
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ways of menſuration, or which have burned the ropes, and even melted down the chains 

and weights, by which ſome curious perſons have attempted to fathom their depth. It 

is true, that in mathematical rigour, ſome abatement ought to be made, becauſe the 

tone ſtrikes the ſurface of the water, or the bottom of the precipice, ſome little while 

before the ſound, produced by that ſtroke, can arrive at our ears. But unleſs the height 

or depth to be meaſured be very extraordinary, this allowance, for the delay of the 

noiſe, either may be neglected without much inconvenience, or in probability will icarce 

exceed a quarter (or at moſt half) of a ſecond ; ſince, as has been elſewhere noted, it has 
been found by obſervation, that a ſound in the air moves above twelve or thirteen hun- 
Jdred feet in one ſecond. And in what I have here delivered concerning the way of mea- 
ſuring depths and heights by the falling of a heavy body, I have been much confirmed 
by an obſervation I chanced to meet with in an outlandiſh book, wich I have not now 
by me to look out the place, where the mathematician that writes it, who ſeems to have 
been a diligent obſerver, affirms, that he found a weight let fall from the top of a church, 
or ſteeple (for I remember not which, nor is it material) ſo high as to amount to 300 
feet, to reach the ground in about five ſeconds; which agrees very well to what we have 
been delivering. For ſuppoſing the weight to fall 12 feet the rſt ſecond, at the end 

of the fifth ſecond it muſt have fallen 25 times as far, (1 and 25 being the ſquarcs of the 
numbers of the ſeconds of time) and conſequently 300 feet. 

To lit (or divide tranſverſly into flakes or leaves) fo thin a piece of metal as an old 
groat, which ſeems not to exceed, if it ſo much as equal the thickneſs of a leaf of white 
paper, may be thought, if it be feaſible, to require ſome very ſubtle dividing inſtrument, 
with an edge finer than that of a razor; and yet the way of performing this by phyſical 
means is but an almoſt ludicrous experiment, which (if you know it not already) is 
eaſily thus made. Take three pins, and ſtick them in the form of a triangle, at ſuch a 
diſtance from each other, that the groat may reſt upon the heads of them; put upon this 
thin piece of metal almoſt as much flour of brimſtone, or, at leaſt, fir:ly powdered 
ſolphur, as will conveniently lie on it; then kindling the ſulphur, let it burn out of itſelf; 
which done, take off the groat, and throwing it hard againſt the floor, che upper part, 
with the adhering remains of the ſulphur, will be parted from the lower; which (lower) 
if the coin were not very thin, will retain its former ſhape. I have oblerv-d in this ex- 
periment, a pretty circumſtance or two, the knowl-dge of which is very apt to be mil- 
employed, and need not here be mentioned; though I would not ſilently paſs by the 
experiment itſelf, becauſe as ludicrous as you may think it, it may ſuggeſt uncommon 
ipeculation to a conſidering naturaliſt, and alſo intimate a way of preparing filver, of 
which I may elſewhere tell you the practical uſe, ; 

He that takes notice of ſo pretty a variety of colours and ſhapes as may be diſcerned 
on a {kiltully made ſheet of marble-paper, will be apt to conclude, either, that the differ- 
ing colours were laid on one by one with a pencil, which would require a great deal of 
time and pains z or that the ſheet was marbled by being printed off f:om ſome plate, on- 
which the differing ſhapes were cut or engraven, ard the differing colurs ſingly placed, 
wich would require yet more labour, and a greater apparatus; whercas the whole ſheer 
15 painted thus variouſly and delightfully at once, and in a trice, by the contact of tie 
iurlace of a veſſel full of water, on which the colours-(firſt blended a little, by a quick 
and caſy motion of the artiſt's hand) are ſo ordered as to ſwim without being confounded. 
This artifice hath, as I am informed, been delivered by the curious Kircterus. But if 
you have a mind to know the particulars of it more fully, you may command me to» 
acquaint you with what I have learned from experience, by which the practice.is ſuppo - 
le to have been of late Improved, | 
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Ir it were propoſed to free weak ſpirit of wine, or aqua vitæ, from a great part of 
its phlegm, the generality of diſtillers would think it not to be effected but by the help 
of fire and a furnace, an alembick, or ſome other diſtillatory veſſels; and yer, without 
the help of any of all the'e inſtruments, I have ſometimes taken pleaſure to dephlegm 
brandy (as they call weak ſpirits of wine of the firſt diſtillation) only by putting it into 
ſalt of tartar. For conſidering the faculty this alkalizate body has to attract (as men 
commonly ſpeak) or imbibe the aqueous particles that ſwim in the air, and reſolve it ielt, 
with them into that liquor that the chymiſts call oil of tartar per deliguium, there ſeemed 
ſufficient reaſon to expect, that the ſame ſalt, being put very dry into phlegmatick ſpuit 
of wine, would embody with the phlegmatick parts, with which, if it were not over— 
charged, it would probably keep them ſeparate from the more ſpirituous liquor; ſince 
ſuch oil of tartar as I have juſt now mentioned, and dephlegmed ſpirit ot wine, will 
ſwim upon one another without mixing; and accordingly, I have ſometimes taken 
pleaſure, by putting a ſufficient proportion of dry ſalt of tartar into brandy, and leaving 
it there for ſome time (for the experiment will, to be completed, require ſome while) 
to make ſome ſeparation of a great part of the phlegm, which by degrees diſſolving 
the ſalt, will reduce again part of it into a liquor that will keep its ſurface diſtin from 
that of its ſupernatant lpirict, and if confounded therewith, by che ſhaking of the glats, 
would ſpeedily part from it, and regain its own ſtation; and if you would have a ſepara— 
tion of the phlegm begin to appear quickly, you may compaſs what you intend, by 


tying up a convenient quantity of dry ſalt of tartar in a dry rag of linen cloth, and im. 


merſing it a little while in the brandy, and then lifting it up a little above the liquor 
for the phlegmatick parts being copiouſly imbibed in the ſalt, which will be thereby re- 
ſolved into a ponderous liquor, will in drops (whoſe deſcent will be diſtinguiſhable 
enough, if the glaſs be held againſt the light) fall to the bottom of the ſpirit of wine, 
And leſt you ſhould ſuſpect, that this deſcent comes not from their weight, but from 
the force they acquire in falling through the air, you may keep the rag immerſed beneath 
the ſurtace of the liquor, and yet may perceive the efflux and ſubſidence of the lixivium 
we have been ſprak ing of. 

THERE are ſome caſes, wherein bodies that are to be held very ſoftly, are either fo 
brittle that it would be hard to hold them faſt enough without danger of breaking them; 
or elſe fo ſmall, and ſo inconveniently ſhaped, that it would be very difficult to procure 
inſtruments to lay hold on them, and keep them moveleſs in the inſtrument 3 and in 
ſeveral {uch c-ſes, the uſe of tools, to hold faſt ſuch bodies, may be advantageoully 
ſupplied by artificial cements, As I remember I have known the glais- grinders, inſtead 
of more mechanical tools, employ pitch, melted and made up with aſhes, very well 
ſtirred anc incorporated with it, into a ſtiff paſte, For this mixture, being by a fit heat 
brought to a convenient ſoftneſs, the glaſs to be ground or poliſhed is bedded in it, in 
what poſture and as far as the art. ficer pleaſech; and by the ſame mixture the glaſs being 
faſtened at the end of a ſtick or ſome proper inſtrument of wood, the glaſs, upon the 
cooling of the cement, remains firmly faſtened, until the artificer have done with it 
what he deſigned ; after which, by fottening the c:ment with hear, he can readily take 
it off again. 

Ap even the diamond-cutters, who, to griad thoſe ſtones into ſhapes are wont to 
employ a very vchement attrition, make uſe, for holding their diamonds, eſpecially 
wi en they would poliſh them, of a cement, the like to which I remember I have ſome- 
t mes made to other purpoſes, for themſelves have confeſſed to me, that they made 


theirs chiefly of reſin, melted and brought to a iff paſte with fine brick-duſt, to which 
one 
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5:6 of the eminenteſt of them for ſkill adds a proportion of ſealing-wax (I told him I 
preferred plaiſter of Paris before brick-duſt, and he told me he did the like). 

Any indeed by variety of cements we may be aſſiſted to make divers experiments that 
we could not otherwiſe make ſo well, if at all; for which reaſon I have been ſomewhat 
cyrious about making a pretty number of ſuch mixtures, whoſe compoſitions you may 
command of me. 

THERE are divers artificers, eſpecially thoſe that ſlit and poliſh cryſtal, agates, and 
other hard ſtones, and cut ſeals in gems, who have need of powders of emery, of dif- 
fering degrees of fineneſs, and ſome of them extremely ſubtle; to obtain theſe, one 
would think it neceſſary to have variety of ſearces, and ſome of them as fine as it is poſ- 
ſible. But the ſkilfulleſt artificers judge they can obtain their deſire much better by fair 
water, than by the beſt ſearces. For having in a mortar beaten the hard body of emery 
as long as they think neceſſary, they put the powder into a pail or other fit veſſel full 
of water, and then with a ſtick, or ſome ſuch thing, they ſtir very well all that is at the 
bottom, that it may be raiſed and thoroughly mingled with the liquor; then pouring it 
out into another veſſel, the groſſeſt and the moſt ponderous grains of the diſperied powder 
will firſt fall to the bottom, and give a powder leſs groſs than that which remained in the 
firlt veſſel, which may be again beaten ſmall in the mortar. Afterwards they pour the 
troubled water of the ſecond veſſel into a third, and there ſuffer the duſt to ſubſide, and 
then decanting the liquor, if this duſt be not yet fine enough, they trouble the water 
again, and after a little while pour it off either into one veſſel, or two, or more, ſuc- 
ceſſively, according to the exigency of their uſes; and then ſuffering the tranſvaſated 
water to ſettle for tome hours (more or fewer) as the diſperſed duſt is more or leis light, 
they decant the liquor, or ſuffer it to exhale, and take the remaining powders, of which 
that which ſettles ſloweſt, will oftentimes be ſtrangely ſubtle. And by this way, if a man 
will have patience to pour ſucceſſively the troubled liquor into veſſels enough, and give 
the diſperſed powder a competent time to let fall the leſs light parts, before the upper 
part of the water be poured off into the veſſel it is finally to ſettle in, he may obtain 
ſeveral degrees of powders, leſs and lefs groſs, and ſome ſo fine, as one would admire 
how it was made ſo, And this ( Pyrophilus) I the rather mention to you, becaule it is 
not only from emery, but from divers other bodies, that one may obtain extremely mi- 
nute, and (as they ſpeak) impalpable powders, of great uſe in ſome of the moſt curious 
trades, and perhaps in phyſick too. For I may eiſewhere tell you how I apply thi way 
to mzgiſteries of cryſtal, and of gems, and even to Crocus Martis ; the naming of which 
laſt puts me in mind to ada, that a chymiſt, much prized for finer Crocus Martis, than 
others of his profeſſion, and thereby enabled to fell it at an extraordinary rate, confeſſed 
to me, that it was to the artifice I had been commending that the Crocus he fold owed 
all its advantages. | | 

IT has long been; and till is in many places, a matter of much trouble and expence, 
as well of time as money, to cut out of rocks of alabaſter and marble, great pieces, to 
be after wards ſquared or cut into other ſhapes; but what by the help of divers tools and 
n\luments cannot in ſome quarries be effected without much time and toil, is in other 
places eaſily and readily performed, by making, with a fit inſtrument, a ſmall per fora- 
don into the rock, which may reach a pretty way into the body of it, and have ſuch a 
tincknefs of the rock over it, as is thought convenient to be blown up at one time; for 
at the farther end of this perforation (which tends upwards) there is placed a convenient 
quantity of gunpowder, and then all the reſt of the cavity being filled with ſtones and 
robilh ſtrongly rammed in (except, a little place that is left for a train) the powder, by 
the help of that train being fired, and the impetuous flame being hindered from expand- 
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ing itſelf downwards, by reaſon of the newly mentioned obſtacle, concurring with its 
| F own tending another way, diſplays its force againſt the upper parts of the rock, which, 
| in making itſelf a paſſage, it cracks into ſeveral parts, moſt of them not too unwieldy 
| 0 to be manageable by the workmen. 


* 


Ax p by this way of blowing up rocks a little varied and improved, ſome ingenious 
acquaintances of ours, employed by the publick to make vaſt piles, have lately (as I recei- 
ved the account of themſclves) blown up or ſcattered, with a few barrels of powder, many 
hundred, not to ſay thouſand tuns of common rock. 

To give ſmall glaſſes the ſhape that is requiſite to fit them to ſerve for covers to the 
dial plates of watches, and for other purpoſes to which artificers ſometimes employ 
them, one would think it neceſſary that they ſhould be ground or otherwiſe wrought 
with tools, by a ſkilful hand, to give the glaſſes the concave, as well as the convex hgwe 
they ought to have. Ard yet | have learned by trial, that a flat plate of glals of a 
competent thickneſs that has its two ſurfaces ſmooth and parallel to each other, being 
caretuliy laid upon a deep ring of iron, or a ſhallow and hollow cylinder of the ſame 
metal, and of the diameter required, ſo that the edge of the glaſs (which is to be reduced 
to roundneſs) may every where reſt upon that of the cylindrical piece of metal; the heat 
| of the fire warily and ſkilfully adminiſtered will ſo ſoften this plate of glaſs, that its own 
| weight will ſo depreſs the middle parts, that the . glaſs will thereby obtain the figure re- 
7! quired, And though ſuch glaſſes do not conſtantly fall juſt into the defired figure, yet 
11 when they are ſkiltully ordered, they fall into it ſo often, that I am told that ſome in- 


genious artificers have quitted the ordinary way of making covers for watches, for that 
| we have heen deſcribing; which, though not free from caſualties, is yet ſo much more 
[ cheap and eaſy. 

| We have in ſome parts of England various kinds of talk, or lapis ſpecularis (ſeveral 


11 of wich I have been poſſe ſſor of; and of ſome of them there is ſo great plenty, that one 
Fi nay procure good ſtore for little or no charge; but the reducing of a great lump of this 
| talk to ine powder, if it muſt be done the common way, by beating it in mortars, and 
i ſcarcing it often, will require much time and pains; but as I have ſcveral times tried, 
| the ſmaller pieces may, by the help of an actual flame, be quickly reduced to a ſnow- 
| 


white calc; ſo by the experiment of a ſagacious acquaintance of nine, even great lumps 
of it may, almoit in a trice, be brought to fine powder, by heating them red-hot, and 


caſting them, while they are ſo, into cold water, whereby there will preſentiy be made 
! 2 commiaution ot them into a fine, and, as it were, mealy calx. 
| Tre ground of this operation is much the ſame with that, whereby ſome chymiſts 
/ eranulate maſſes of gold and ſilver, when they pour the ſtrongly melted metal from a 
| competent height into cold water, whereupon there happens a diſſilition of the parts of 
| the net; many of which fall to the bottom in little fragments. But the more catlly 
| f tufibie metals, tin and lead, may be quickly and better granulated by the mechanical way, 
8 freſbly mentioned, as to talk. I remember I was wont {eſpecially if the ignition and 
extinction were repeated two or three times) to reduce cryſtal flints, almoſt in a trice, 10 
4 | a fitn2's to be cafily brought to a very ſubtle powder, proper to make ainaulcs (or coun- 
| | ertcit gems) of. 
1 Ins mcution I have already made in this effay, of what may be performed by the 
faculty, that burnt alabaſter, made liquid with water, has to grow hard again, puts me 
q in mind of another inſtance, very properly referrible to the fuiyect of this eſſay. For 
[ one that beholds how curiouſly oranges and Jemons, and other fruits are counterteited in 
1 Wax, woul'i imagine that ſo lively a repreſentation of them could nut be effected but by 


a hand as ſkilful at lcaſt as that ot a painter; ſince by this plaſtick art, not _— and 
emans, 


— 7 
* a PR 
93 


what is wont to require Manual Skill. 


lemons, &c. in general, but this or that particular orange or lemon may de moſt lively 


repreſented 3 and yet you may learn this art within one hour or two, the thing being 

rformable eaſily and quickly; for having the orange, &c. we would imitate, we bury 
it half way in a coffin of clay, whoſe brim, together with the extant ark of the fruit, 
being oiled over to keep the mixture from ſticking, the tempered alabaſter (or plaiſter 
of Paris) is nimbly laid on to a good thickneſs, and, upon its concretion, removed, 
whereby you obtain an half mold for that part of the orange; then the formerly latent part 
of the fruit being likewiſe placed uppermoſt in the half-mold, which ſhould have ſome pretty 
deep notches cut in the rim of it, which, with the protuberant part of the fruit, ought to 
be oiled, the tempered mixture is likewiſe put upon that, and thereby an exact mold is 
completed, at any convenient part of which a hole being made, to pour in a little tem- 
pered and coloured wax, when it is brought by fuſion to a due heat (for every degree of 
that quality is not convenient) ſhaking the mold nimbly and every way, the wax comes 
to be ſo applied to the internal ſurface, that when the mold is cold, and the parts taken 
aſunder, you have an orange of wax very lively repreſenting the original. 


Taz are ſome circumſtances belonging to this eaſy and delightful art of molding 


and caſting in the wax (which is pleaſant enough to be practiſed even by ladies) that I 
purpoſely omit ; what has been mentioned being ſufficient to ſhew you as much as is 
neceſſary for my preſent purpoſe. And I the rather pitched on this experiment, becauſe 
it may afford us another inſtance not impertinent to the deſign of this tract. For one 
that ſhould ſee how great a cavity is left within the counterfeit orange, would think that 
there were ſome great and rare artifice requiſite to caſt it thus hollow, and make ſo ſmall 
a quantity of wax reach to the counterfeiting of ſuch a fruit; whereas the bare ſhaking of 
the mold, when the melted wax is in it, together with the expanſive endeavour of the 
included air, applies the wax to every part of the inſide of the mold, and thereby turns 
it into one great film, which one would think it very difficult co ſeparate, without injur- 
ing it, from the mold, to which it is applied ſo cloſe ; and indeed it might be ſo, if nature 
did not again aſſiſt the artiſt, by making the mixture, when it cools, ſhriuk a little, and 
thereby part eaſily from the mold it ſtuck to. 

BuT one of the prettieſt and the ſtrangeſt artifices that belong to this eſſay, is that, 
whereby the knowledge of a few unheeded phy lical properties of two or three bodies 
may enable a man to perform that, which ſeems to require not only good tools and great 
dexterity in the art of graving, but likewiſe an exquiſite ſkill in caligraphy or the art of 
writing fair; for 1 know a graver, famous for {kill in his profeſſion, who writes, as [ 
have had good opportunity to obſerve, but a bad hand; and yet this men with his tool 


writes rarely well, and will imitate and emulate the fineſt copies of the choiceſt writing- 


maſters, ſo that even virtuoſi have much admired how a man, with a ſtiff iron tool upon 
a tough copper-plate, can write incomparably fairer than the ſame perſon can with a good 
pen upon paper. But to eaſe you ſomewhat of your wonder, I ſhall add, that though 
this artifice be kept for a choice ſecret, and though I could not learn a conſiderable par- 
ticular or two, which belong to the delicacy of it; yet (partly by putting queſtions, and 
partly by ſome trials of my own) J attained to the {ubſtance of this myltery, as they call 
it, which ſeems to be this. . 

A WRITING-MASTER, or ſome other that writes a very fur hand, is defired to write a 
copy, or what elſe is to be engtaven, with a peculiar kind of ink, which differs not in 
new from common ink, being fully as black as it: then they take a very clean and wel!- 
Imoothed copper-plate, which being moderately warmed, is to be fo rubbed over with 
à certain white varniſh, or ſomething equivalent (to be mentioned a linde ocneath) that 
when the plate grows cold again, it may be thinly and evenly catt over wich a ind of 
{kin or filn) (il may {o call it) of varniſh ; then lig it ly moiſtening the paper, that it 
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may part with its ink the more readily, the written ſide is to be laid on the prepared 
ſide of the plate, and that, togetherjwith the paper, being paſſed through a rolling. preſs 
enough of the ink will ſtick (but in an inverted poſture) to the varniſh, whoſe whiteneſs 
renders the black letters very conſpicuous z fo that it is eaſy with a needle fitted with a 
wooden handle, to draw over the very fame lines and ſtrokes through the yielding var. 
niſh upon the metalline plate, whence they may, after the plate is by heat, or Otherwiſe, 
freed from the varniſh, be completed with a graver; and Jaſtly, when the whole en- 
graving is finiſhed up, may be printed off in a rolling-preſs like ordinary cuts. Ang 
cven without a rolling-prefs I have ſometimes taken off written characters, only by lay. 
ing the moiſtened paper very ſmooth upon the varniſhed copper, and rubbing it hard 
thereon with a convex piece of glaſs or ſome ſuch ſmooth and hard body, whoſe pref. 
ſure makes the ink ſtick to the varniſh, for which I have uſed the purer ſort of virgin 
wax, if the ink be good, and have been laid on plentifully enough by the pen. That 
ink, which I moſt uſed, I made only of fine Franckfort black, as the painters that ſel} 
it ate wont to call it; by grinding it little by little, but very diligently, with water, till 
it had attained the conſiſtence of a ſomewhat thick ink; in which this only circumſtance 
is carefully to be obſerved, that no gum be added, as is uſual in other inks, leſt that 
hinder its coming off, 

AnD here it will not be impertinent to the argument in hand to add another artifice, 
whereby a printed cut may be ſo far taken off, that at leaſt the out- lines and the princi- 
pal ſtrokes may be ready copied for the graver's hand; by which way, beſides other 
uſes that may be made of it, copies of rare and choice pieces may be procured, and the 
periſhing or want of the originals ſupplied; if then the print to be taken off be recent 
enough (as it is wont to be, if it exceed not a year, or perhaps two) then the paper needs 
only be well moiſtened, as if it were to be printed off at a rolling-preſs (with the ink 
proper to which it is ſuppoſed that the cut was, as uſually cuts are printed off): but if 


the picture or ſcheme be more ancient, it muſt be laid all night to ſoak in water, and 
then hung in the air till it have but ſuch a degree of moiſture as makes it fit for the roll- 


ing preſs. The paper being thus prepared, either by bare wetting, or by ſteeping, the 
printed fide is to be laid upon a copper-plate, thinly caſed over, as was formerly directed, 
with virgin- wax; for the plate and paper being pur into a rolling-preſs, the compreſſion 
of that will make the moiſtened ink ſtick to the pure wax, which conſequently will take 


the impreſſion of the cut, or at leaſt of the outlines and chief ſtrokes of it. 


THERE is another thing which ſeems above all theſe to require the expreſs and imme- 


diate operation of the hand, and it is a phyſical way, if I may ſo ſpeak, of tranſcribing 


a whole page of a letter, or other writing, all at once. Whether this can be pe formed 
cheaply and eaſily enough for common ue, is hereaſter to be conſidered. But that, 
abſtracting from thele circumſtances, it is poſſible to be done (by an artificial application 
of phyſical things) 1 have been perſuaded by ſome experience; of which I may in one 
of the following papers give you a more particular account than I now conven'eatly can. 

In the former part of this eſſay, Pyrophilus, I have preſented you ſome inſtances 
wherein phyſiological knowledge may be ſubſtituted for manual dexterity, mechanical 
tools, and even mathematical inſtruments; but now to ſhut up this diſcourſe, I ſhall 
ſubjoin a relation that will manifeſt, that even a mathematician and an engineer may 
ſonictimes perform that by the knowledge of a ſlight phyſical quality of obvious bodies, 
wich, without that knowledge, all his {kill in mathematical c1iciplines, and his vaſt and 
artiticial engines, will not have enabled him to accompliſh. For who would think, thit 
by a comparatively few pounds of water (perhaps the moiſture of the air in wet weather 


might have ſuticed) a maſly body of perad venture ſome hundred thouſand pounds a 
weight 
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weight ſhould be raiſed ; and yet, that this was performed at Conſtantinople, is one of 
the remarkableſt things I remember I met in the ingenious account of his voyage that 
is given by the learned Buſbequius, ambaſſador from the king of the Romans to the 
Turkiſh emperor. His words are theſe. De obeliſco, cujus ſupra memini, qui eſt in 
bypodromo, fic Græci commemorant ; à bi convulſum mulzis ſeculis jacuiſſe humi : tempore 
poſterior um imperatorum repertum architettum, qui operam ſuam in eo ſue baſi reſtituendo 
deferret , illumgue, poſtquam de pretio conventum eſſet, ingeniem apparatum organorum ex 
trochleis & funibus præſertim inſtituiſſe, quibus lapidem illum ingentem erexerit, ſublimem- 
ue eo evexerit, ut uno tantum digito abeſſet 2 dorſo aſtragalorum, quibus imponi debebat, 
tum indiciſſe populum ſpectatorem oleum illi operam tanti apparatus periiſſe, magniſque denuo 
laboribus & impenſis opus inſtaurandum : at illum minime diffiſum perito d rerum naturalium 
ſcientia ſub/idio juſſiſſe afferri immenſam aquæ vim, qua multis boris in machinam illam injec- 
ta, funes, quibus obeliſcus librabatur, ſenſim madefactos rigenteſq, (ut eorum eſt nature) ſe 
contraxiſſe, fic ut obeliſcum alti:ts ſublatum in aſtragalis ſtatuerunt, magna cum admiration? 
& plauſu vulgi. And for confirmation of this narrative, it may be added, that the ſame 
thing is mentioned by good authors, as having been practiſed elſewhere; and a lice 
ſtory is allowed, and ſomewhere made an argument of, to another purpole, by that great 
maſter of mechanicks Galileo himſelf. | | 
To catch any ſtore of fiſh the ordinary way, you know it is cuſtomary, that even in 
rivers, either ſtore of angles, and ſome ſkill in uſing them, or nets, or ſome other arti- 
ficial inſtruments be mace uſe of; and if it be in the ſea that men are to fiſh, large 
nets or ſome peculiar contrivances are employed as neceſſary ; and one would not expect 
from ſuch people as the Americans, eaſier ways of fiſhing than theſe, and yet theſe il}1- 
terate barbarians, by having found out (probably by chance) the phy lical property of a 
wood, make that ſerve them to catch fith in great plenty, and with as much eaſe. For 
our late Engliſh navigators have obſerved,” a3 their voyages witneſs, that in ſome parts 
of the J/eſt- Indies, the natives, by impregnating the water with this wood, do fo ſtupify 
the fiſh, that rolling up and down upon the ſurface of the witer, as if they were foxed, 
they are eaſily taken up in great numbers in their hands; which relation of our ſeamen 
I therefore, notwithſtanding its ſtrangeneſs, ſcruple not to alledge, partly becauſe, that 


though we do not uſe a ſimple drug, much leſs a wood, for the ſame purpoſe, yet our 


foxing-ſtuff, as they call it, which is but a ſlight compoſition, produces effects not much 
inferior; and partly, becauſe having purpoſely inquired of a learned phyſician that came 
not long ſince out of a part of America, where this practice is in requelt, he aſſured me, 
that he law the Engliſh themſelves uſe this way of fi hing, only by tying a log of this 
wood, to which, for what reaſon I know not, they have given the name of dogwood, 
to the ſtern of their boats; ſo eaſily does the odd property of this wood enable them 
that make uſe of it, to catch fiſh. 

To take off the hair is generally ſuppoſed to require both a razor and other imple- 
ments, and the manual ſkill and operation of a barber, eſpecially it the hair be grown 
under the arm-pits, and in other places, which an inconvenient ſituation or figure mekcs 
to be of difficult acceſs; and yet by the knowledge of a property of that natural produ:- 
tion, formerly mentioned in the ſixth eflay, under the name of NRuſma, the hair may 
be, without inſtruments, taken off from any part of the body, and that not cnly in 
much ſhoiter time than is required to ſhaving, but, as far as the eye is want to difecrn, 
by tne roots, which makes it much longer before the part be again covered with hair of 
tae former dimenſions. The way uſed in the eſt to affect this the forecited Bellonius 
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annexes, inſtead of which I ſhall tell you what I tried with a parcel of it, brought into 
England before I met with his obſervations about it. We mixed the fine powder of it 
with an equal weight of ſtrong powdered quick-lime (Bellonius, probably not without 
reaſon, preſcribes but half as much quick-lime) and having fuffered them to ſoak together 
a ſhort while in a little fair water, we thinly ſpread the ſoft paſte or ſlime, made by the 
water and ingredients, upon that part of the body which we deſigned to free from hair; 
and having ſuffered this mixture to ſtay on about three minutes, or ſixtieth part of an 
hour, meaſured by a minute-watch (our author preſcribes as long time as is requiſite to 
the boiling of an egg) we wiped it off with a linen cloth dipped in warm water, and 
found the hair taken off by the roots, without any inconvenience to the part that we could 
diſcern, though | ſeveral times ſhewed the experiment to others, and the trial of it was 
more than once made upon myſelf. | 

IT may ſeem ſcarce poſſible, without the help of water, or any engine made with 
ſprings or wheels, to meaſure time, though but for a little while, as exactly as our beſt 
clepſydras, clocks, or watches are wont to do, And yet (which is now a known and 
almoſt vulgar thing) ſuch an account of time may be kept by him, that has obſerved 
that the vibrations or diadroms of a pendulum are made in ſenſibly equal ſpaces of time, 
though the arches continually decreaſe, that are made by the ſwinging pendulum (as you 
know they now call a bullet, or the like weight hanging at the end of a ſtring from a 
nail or other fixed ſupporter), For by fo flight a thing as I have been mentioning, if 
you watchfully obſerve and reckon the returns that the ſwinging weight makes towards 
you in a minute or other determinate ſpace of time, doubling the number of thoſe re- 
turns, and adding thereto an unit, if you left off counting, when the weight was at the 
further end of the arch deſcribed by its motion, you may obtain a more accurate diviſion 
of time, th4n by any of the formerly known ways of meaſuring it. For if you make your 
pendulum of the length of very little (perhaps a tenth of an inch) leſs than ten inches 
(or twelve parts of our Engliſh foot *) accounted from the nail, or other thing, whence 
it is ſuſpended to the center of the piſtol-bullet (or the like ſmall round weight); and, 
removing this a pretty way from the perpendicular it naturally reſts in, ſuffer it to fall 
gently out of your hand, each of its two ſwinging motions (the one whereby it is carried 
trom you, and the other whereby it returns to you) will be (eſpecially whilſt the arches 
are of a moderate length) phyſically £qui-temporaneous ; and theſe motions will very dif 
tinctly enough, to an attentive eye, divide a minute or ſixtieth part of an hour into an 
hundred and twenty parts (called half-ſeconds) and will conſequently divide an hour into 
ſeven thuuſand two hundred parts, if not perfectly equal, yet leſs unequal, as to ſenſe, 
than the diviſions of time made even by good watches are wont to be. And therefore 
this way may be of very great uſe, in making aſtronomical and other obſervations that 
Jaſt not long, but require exact meaſures of time. And by the help of a pendulum, a 
ſkilful muſician of my acquaintance teaches his unpractiſed ſcholars to keep time when 
they ſing in his abſence, But when we meaſure experiments by the excurſions and re- 
turns of a weight, the beſt way is to make the duration of the pendulum's whole motion 
{before it come to reſt) as long as the place where the experiment is made will permit, 
renewing now and then, if need be, the impulſe given to the weight, when the arches 


begin to grow too ſhort; that being increaſed, the vibrations may be the better rec- 
koned. : n 


N. B. The author has elſewhere ſhewn, that the Engliſh foot differs very little, if at all, from the 
atiCieut Romans. - 
HE 
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Taz mention I have been making of the uſes of pendulums, joined to that I lately 
made of æquivelocity of ſounds, brings into my mind another inſtance pertinent to this 


art of our diſcourſe. For it is not impoſſible, by the knowledge of the velocity of a 
ſound's motion in the air, and the zquivelocity (as to ſenſe) of great and {mall ſounds, to 
meaſure without geometrical inſtraments, in ſome caſes, the breadth of a river, though 
exceeding wide, or the diſtance of the place one ſtands in, from the top of a high tower 
or hill on the other ſide of a river, or ſituated in ſome inacceſſible place, and this, in 

caſes where the difference of ſtations uſually in geometrical menſurations 1s not allowed. 
The way is evident by what is elſewhere delivered. For it having been found by Mer- 
ſennus's trials, that ſounds (as well ſmall as great) do move in a ſecond (as they call the 
ſixtieth part of a minute) 230 fathoms, or thirteen hundred and eighty feet; if I ſee my 
correſpondent fire a gun on the other ſide of the river, or if I ſee muſkets or other guns 
caſually fired on ſome tower or baſtion, though never fo far diſtant, and never ſo inacceſ- 
ſible to me, it is eaſy for me, by letting fall a ſhort pendulum as ſoon as I ſee the flaſh 
of light produced by the kindled powder, and by reckoning the vibrations (made by that 
ſhort pendulum, which diſtinguiſhes ſeconds into halves or quarters) that ſhall happen 
to be made before the noiſe arrive at my ear, to know how tar off the place where the 
gun was diſcharged is from that I am in. As if a correſpondent, {ſtanding over againſt 


me on the other ſide of a river, or ſome ſoldiers being there exerciſing, I ſee the flath or 


ſmoak of a muſket, or other gun, two ſeconds ſooner than I can hear the report of it, 
I may conclude the river to be 2760 ſeet broad; and if a piece of ordnance being fired 
upon the tower of a beſieged place, the noiſe arrive at my ear in half a ſecond, I may 
collect 690 fect to be the diſtance betwixt that gun and my ſtation. And by this means 
may that problem be performed, that we elſewhere mention as a thing, which, when 
nakedly propoſed, may ſeem impoſſible. For if I ſee a ſhip at ſea be ſhooting, whether 
in carneſt, or for ſalutation, or for joy, it is very poſſible for me to meaſure, without 
geometrical inſtruments, how far it is off, though the ſhip itſelf be under fail. For veſ- 
{cls that fire guns, uſually firing more than one, whether to offend their enemies, or to 
falute their friends, it is eaſy to take warning, by the firſt gun, to be in readinels with 
a ſhort pendulum againſt another to be fired, and in this way of meaſuring (though not 
in any other yet known) one may take diſtances in the darkeſt night. For it matters 
not, whether 1 fee the ſhip or place, whoſe remoteneſs from me I would know, pro- 
vided, by ſome candle or taper I ſee the pendulum before the flaſh of the fired gun, 
which will ſufficiently diſcover itſelf by its own light. And (to add, that upon the by) 
I have had ſometimes thoughts, that if the velocity of echoes, which are but reflected 
ſounds, be ſo well determined as that of direct ſounds, navigators might ſometimes make 
uſeful eſtimates in dark nights, whether they be near coaſts, or conſiderably great rocks. 
For though upon diſcharging a gun, they cannot conclude how near the ſhore they are, 
becauſe there may be parts of 'it leſs remote than thoſe that ſend the echo; yet it they 
follow very quick upon the diſcharge of the gun, they have reaſon to ſuſpect, that the 
ſhore, whoſe approach the ſeamen do fo juſtly fear in the night, is at leaſt as near as the 
vibrations of the pendulum inform them that the echoing place is. 
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annexes, inſtead of which I ſhall tell you what I tried with a parcel of it, brought into 

England before I met with his obſervations about it. We mixed the fine powder of it 

if with an equal weight of ſtrong powdered quick-lime (Bellonius, probably not without 

1. reaſon, preſcribes but half as much quick-lime) and having ſuffered them to ſoak together 

a ſhort while in a little fair water, we thinly ſpread the ſoft paſte or ſlime, made by the 

water and ingredients, upon that part of the body which we defigned to free from hair; 

and having ſuffered this mixture to ſtay on about three minutes, or ſixtieth part of an 

hour, meaſured by a minute-watch (our author preſcribes as long time as is requiſite to 

0 the boiling of an egg) we wiped it off with a linen cloth dipped in warm water, and 

found the hair taken off by the roots, without any inconvenience to the part that we could 

diſcern, though | ſeveral times ſhewed the experiment to others, and the trial of it was 

more than once made upon myſelf. | | 

IT may ſeem ſcarce poſſible, without the help of water, or any engine made with 

ſprings or wheels, to meaſure time, though but for a little while, as exactly as our beſt 

clepſydras, clocks, or watches are wont to do. And yet (which is now a known and 

al:aoſt vulgar thing) ſuch an account of time may be kept by him, that has obſerved 

that the vibrations or diadroms of a pendulum are made in ſenſibly equal ſpaces of time, 

though the arches continually decreaſe, that are made by the ſwinging pendulum (as you 

know they now call a bullet, or the like weight hanging at the end of a ftring from a 

nail or other fixed ſupporter), For by fo ſlight a thing as I have been mentioning, if 

you watchfully obſerve and reckon the returns that the ſwinging weight makes towards 

you in a minute or other determinate ſpace of time, doubling the number of thoſe re- 

turns, and adding thereto an unit, if you left off counting, when the weight was at the 

further end of the arch deſcribed by its motion, you may obtain a more accurate diviſion 

of time, than by any of the formerly known ways of meaſuring it. For if you make your 

pendulum of the length of very little (perhaps a tenth of an inch) leſs than ten inches 

(or twelve parts of our Engliſh foot “) accounted from the nail, or other thing, whence 

it is ſuſpended to the center of the piſtol-bullet (or the like ſmall round weight); and, 

removing this a pretty way from the perpendicular it naturally reſts in, ſuffer it to fall 

gently out of your hand, each of its two ſwinging motions (the one whereby it is carried 

trom you, and the other whereby it returns to you) will be (eſpecially whilſt the arches 

are of a moderate length) phyſically £qui-temporaneous z and theſe motions will very diſ 

tinctly enough, to an attentive eye, divide a minute or ſixtieth part of an hour into an 

hundred and twenty parts (called half-ſeconds) and will conſequently divide an hour into 

ſeven thuuſand two hundred parts, if not perfectly equal, yet leſs unequal, as to ſenſe, 

than the diviſions of time made even by good watches are wont to be. And therefore 

| this way may be of very great uſe, in making aſtronomical and other obſervations that 

Hl Jaſt not long, but require exact meaſures of time. And by the help of a pendulum, a 

iN ſkilful muſician of my acquaintance teaches his unpractiſed ſcholars to keep time when 

44 they ſing in his abſence, But when we meaſure experiments by the excurſions and re- 

turns of a weight, the beſt way is to make the duration of the pendulum's whole motion 

{ {beiore it come to reſt) as long as the place where the experiment is made will permit, 
/ 
| 


renewing now and then, if need be, the impulſe given to the weight, when the arches 


begin to grow too ſhort; that being increaſed, the vibrations may be the better rec- 
koned. . 


N. B. The author has elſewhere ſhewn, that the Engliſh foot differs very little, if at all, from the 
aiicieut Romans. T 
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what is wont to require Manual Skill. 


Tag mention I have been making of the uſes of pendulums, joined to that I lately 
made of æquivelocity of ſounds, brings into my mind another inſtance pertinent to this 
part of our diſcourſe, For it 1s not impoſſible, by the knowledge of the velocity of a 
ſound's motion in the air, and the æquivelocity (as to ſenſe) of great and ſmall ſounds, to 
meaſure without geometrical] inſtruments, in ſome caſes, the breadth of a river, though 
exceeding wide, or the diſtance of the place one ſtands in, from the top of a high tower 
or hill on the other ſide of a river, or ſituated in ſome inacceſſible place, and this, in 
caſes where the difference of ſtations uſually in geometrical menſurations is not allowed. 
The way is evident by what 1s elſewhere delivered. For it having been found by Mer- 
ſennus's trials, that ſounds (as well ſmall as great) do move in a ſecond (as they call the 
ſixtieth part of a minute) 230 fathoms, or thirteen hundred and eighty feet; if I ſee my 
correſpondent fire a gun on the other fide of the river, or if I ſee muſkets or other guns 
caſually fired on ſome tower or baſtion, though never fo far diſtant, and never ſo inacceſ- 
ſible to me, it is eaſy for me, by letting fall a ſhort pendulum as ſoon as I ſee the flaſh 
of light produced by the kindled powder, and by reckoning the vibrations (made by that 
ſhort pendulum, which diſtinguiſhes ſeconds into halves or quarters) that ſhall happen 
to be made before the noiſe arrive at my ear, to know how tar off the place where the 
gun was diſcharged 1s from that I am in. As if a correſpondent, ſtanding over againſt 
me on the other {ide of a river, or ſome ſoldiers being there exerciſing, I ſee the flaſh or 
ſmoak of a muſket, or other gun, two ſeconds ſooner than I can hear the report of it, 
I may conclude the river to be 2760 ſect broad; and if a piece of ordnance being fired 
upon the tower of a beſieged place, the noiſe arrive at my ear in half a ſecond, I may 
collect 690 fett to be the diſtance betwixt that gun and my ſtation. And by this means 
may that problem be performed, that we elſewhere mention as a thing, which, when 
nakedly propoſed, may ſeem impoſſible. For if I ſee a ſhip at fea be ſhooting, whether 
in carneſt, or for ſalutation, or for joy, it is very poſſible for me to meaſure, without 
g-om-trical inſtruments, how far it is off, though the ſhip itſelf be under ſail. For veſ- 
{cls that fire guns, uſually firing more than one, whether to offend their enemies, or to 
al\ite their friends, it is eaſy to take warning, by the firſt gun, to be in readineſs with 
a ſhort pendulum againſt another to be fired, and in this way of meaſuring (though not 
in any other yet known) one may take diſtances in the darkeſt night. For it matters 
not, whether 1 fee the ſhip or place, whoſe remoteneſs from me I would know, pro- 
vided, by ſome candle or taper I fee the pendulum before the flaſh of the fired gun, 
which will ſufficiently diſcover itſelf by its own light. And (to add, that upon the by) 


I have had ſometimes thoughts, that if the velocity of echoes, which are but reflected 


ſounds, be fo well determined as that of direct ſounds, navigators might ſometimes make 
uſeful eſtimates in dark nights, whether they be near coaſts, or conſiderably great rocks. 
For though upon diſcharging a gun, they cannot conclude how near the ſhere they are, 
becauſe there may be parts of it leſs remote than thoſe that ſend the echo; yet it the 
follow very quick upon the diſcharge of the gun, they have reaſon to ſuſpect, that the 
ſhore, whoſe approach the ſeamen do ſo juſtly fear in the night, is at leaſt as near as the 
vibrations of the pendulum inform them that the echoing place is. 
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That there is ſcarce any one Thing in Nature, whereof the Uſes 
to human Life are yet thoroughly underſtood. 


Tz being an entire propoſition, and clear enough of itſelf, will not need to be 
explicated, but evinced, 

AnD evinced ſomewhat ſolemnly it will require to be, not only becauſe it is a paradox, 
but ſuch an one as will meet with a peculiar indiſpoſition to be entertained ; ſince men 


cannot allow this paradox to be a truth, without ſuch a confeſſion of their ignorance, as 


muſt implicitly accuſe them of lazineſs too. But however, I think, we may juſtly enough 
apply, with a little variation, to our preſent purpoſe, that true ſaying of Seneca, Maitt 
ad ſapientiam perveniſſent, niſi, Sc. and affirm, that many had attained to a greater 
knowledge and command of nature, if they had not preſumed, that what is arrived at 
already, is much greater, and more conſiderable than indeed it is; eſpecially in compa- 
riſon of what is ſtill behind, and yet attainable ; and therefore, I think it not fit to ſup- 
preſs the confiderations I was about to mention, ſince the diſplaying them may perhaps 
do you and others ſervice, if they rouze up your curioſity, by ſhewing how much it has 
been defective, and if (which they ought to do) they encourage it alſo, by ſhewing you 
how much of nature undiſcovered there yet remains, to recompence, as well as exerciſe 
your indultry. | | - 

Bur occauſe that of the particulars whereby our paradox may be confirmed, there are 
divers, that prope:iy belong to the next enſuing eſſay, the proofs that we ſhall mention 
in this Ciicuuric, though 1 hope they will appear ſufficient alone, will yet be ob 

| tength- 


Of Men's Great Ignoramce, &c. 


ſtrengthened, both as to number and weight, if you pleaſe to add to them thoſe inſtances 
ro be mentioned in the next diſcourſe, that may be conveniently referred to this. In 
which I ſhall therefore inſiſt but upon five general conſiderations z in all which I hope 
you will not forget, that I have already taken it for a ſuppoſition, which I doubt not 
of your granting me, that the uſefulneis of the works of nature to us depends chiefly 
upon the knowledge we have of their properties and other attributes ; and conſequently, 
that the more we know of theſe, the greater uſe we are like to be able ro make of thoſe 

hy ſical things (and on the contrary) ; and therefore that ought to be looked on as an 
uſe of a phyſical thing, even though not immediately practical, that helps us to make 
diſcoveries of things that properly may prove ſo. 


e rin. 


Axp I conſider in the firſt place, That there are very few of the works of nature 
&« that have been ſufficiently conſidered, and are thoroughly known,** even as to thoſe 
qualities and other attributes of this and that body (or other phyſical thing) which belong 
properly to it, and are not thought to be ſo relative to other bodies. It is not only in 
the terreſtrial globe, but in almoſt every body to be met with in it, that there may be a 

kind of terra incognita, or undetected part, whoſe diſcovery is reſerved for our further 
induſtry, | 

Tais will appear the leſs improbable, if we conſider theſe two things; whereof the 
one is, that there are Civers ways of inveſting the attributes of bodies, as chymical, opti- 
cal, ſtatical, &c, which being artificial, and requiring ſkill, and induſtry, and inſtru— 
ments, there are very few men that have had the curioſity and ability to examine them 
after theſe ſeveral ways; without which, nevertheleſs, divers other attributes, ſome of 
which probably are capable of uſeful application, are not like to be diſcovered. To the 
proof of which, if it were needful, a multitude of paſſages in theſe preſent eſſays, as 
well as in our other writings, might be eaſily referred. 

I HALL therefore rather inſiſt a little on the ſecond of the two particulars lately men- 
toned, For it will eaſily appear not unlikely, that there ſhould be many things undiſ- 
covered in the other works of nature, when there are ſo even in thoſe obvious and familiar 
objects, that men are frequently converſant with, and have occaſion to take notice of; 
nay, even in thoſe nobleſt of mere corporeal things, cur own bodies, whole ſtructure 
Joes fo much merit our curioſity, and of which it ſo highly concerns no leis than our 
healths and lives, that we have an accurate knowledge. How many new Ciſcoverics have 
been made in the preſent age, beyond what the induſtry of the phyſicians and philo.o- 
phers for above two thouſand years has been able to take notice of? Witne!s the circula- 
tion cf the blood, the Aſellian, Pecquetian, and Bartholinian veſiels; to which may be 
auced, the Ductus Pancreaticus, and to which I doubt not will be added divers other 
Uiſcoveries, to recompenſe the induſtry of the avatomiſts of this inquiſitive age. 

Iv ſo familiar bodies as eggs and chickens are, which ſo many thouſand perions do 
daily ſce and handle, and perhaps cat, though mary ages fince, even Ariftet/e was foli- 
citous about the hiſtory of them, concerning which he has dehvered divers not inconſi— 
Gerabie particulars ; yet there has been little within theſe few years fo much undilcovered, 
that whilſt men were hotly diſputing whether the chick was bit formed of the yolk or 
the white, our excellent Harvey made it evident (which our own obleryations have con- 
firmed to us) that it is made of neither, nor yet of the treadle (as ſome modern cb{-rvers 
have taught) but of the cicatricula, or ſpeck that appears on the coat of the yolk. 
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Wro would imagine, that in a body fo familiar, and ſo often treated of by philoſo- 
hers, as ſnow, mankind ſhould, for ſo many ages, take no notice of a thing ſo obvious 
as the figure of it frequently 'F and yet Kepler is, by a very learned writer, acknow. 


ledged to have been the firſt that acquainted the world with the ſexangular figure (as it 
is wont to be called) of ſnow, in a diſcourſe by him publiſhed on that ſubject. And 
though I find mention made of it in Olaus Magnus, and have obſerved it ſo often (but 
not conſtantly in the ſame ſhape) eſpecially about the beginning of the ſeaſon of ſnow, 
that I cannot but admire men ſhould not have very early heeded ſo obvious a phænome- 
non; yet I find not the diſcovery of it had been made ſo much as an age ago. 

As many ages as vinegar has been one of the commoneſt liquors in the world, yet, 


that it oftentimes abounds with ſhoals of living creatures, that move, and in the micro- 


ſcope look like little eels, was looked upon but few years fince as ſo new a diſcovery, 
that when, as I formerly noted, I firſt propoſed it here in England to divers very learned 
men and virtuoſi, as a thing to be ſeen even without the help of a magnifying glaſs, 
they took it to be a deception of my eyes, till their own aſſured them of the con- 
trary. 

TrarT the milky way, though conſiſting of innumerable ſtars, ſhould for two thou- 
ſand years pass for a meteor, the inconſpicuouſneſs of thoſe ſtars keeps me from much 
admiring. And, for the ſame reaſon, I wonder not that the men that lived before 
Galileo reckoned no more than ſeven planets, or ſuſpected not that Venus herſelf is ſome- 
times ned, and has her full and wane as the moon. Though theſe inſtances may 
ſ-rve to confirm what ] lately told you, that many of the attributes of bodies are not like 
to have been diſcovered by thoſe that employed not artificial helps But what may we 
not expect that mankind may overlook, when the ſun himſelf, which is not only the moſt 
con picuous body in the world, but that, by whoſe light we ſee all the others, may 
have vatt and dark bodies (perhaps bigger than Europe or Aſia) frequently enough gene- 
rated and deſtroyed upon him, or about him; and men, without excepting aſtronomers, 
never took notice of it, till of late years the excellent Galileo, or the induſtrious Jcſuir 
Scheiner informed the world of them. And though I grant, that they diſcovered them 
by the help of teleſcopes (inſtruments unknown to the ancients) yet if men had been as 
watchful as the r.obleneſs and conſpicucuſneſs of the object would make one expect, they 
might have diſcovered ſome ſpots at leaſt without thoſe helps. For I find by an Italian 
letter of Galileo's, that ſome curious perſons of his acquaintance, after his diſcoveries had 
awakened them, deſcried and diſcovered ſome of thoſe ſolar ſpots with their naked eyes, 
unaſſiſted by his tubes. | 

Ir may belong to this firſt ſection of our preſent eſſay to take notice, that one account, 
on which we may reaſonably ſuppoſe men to be ignorant of the ules even of thoſe things 
wherewith they think themſelves well acquainted, may be, that the bare difference of 
climates and of places, may even in ſuch bodies, as we familiarly converſe with, beget 
ſuch new relations betwixt them, as may endow them with qualities, and fit them for 
uſes we creamed not of. 

I wiLL. not here mention the differing qualities, that bodies vulgarly referred to the 
ſame ſpecies of plants, animals, and other bodies, in almoſt all countries, are endowe( 
wich in ſome countries (as, that ſpiders are not venomous in Ireland, and Iriſh wood in 
genera), if the received tradition be true, has an hoſtile faculty againſt venomous crea- 
tures) becauſe the inſiſting on this ſubject would take up too much room in this place, 
and is reſerved for another; and therefore I'll only add a couple of inſtances, the one 10 
maniſeſt what difference of climates may do, and the other to ſhew the unexpected in- 
Bucnce ot difference of places, though perhaps in the ſame climate. T 
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Taz firſt of theſe examples is afforded us by water and ice; for thoſe that live in 
thoſe warmer regions where it never freezes, and who have divers of them derided the 
relations of what happens in gelid climates as ridiculous, in probability would never 
dream that it could be a familiar uſe of a liquor they were ſo well acquainted with as 


water, to be broken or beaten in mortars like a dry body, and carried in carts or wheel- 


barrows from place to place, and kept all the year in that form, to make other water 
intenſely cold in the greateſt heats of ſummer. And even amongſt us, thoſe that have 
not been very inquiſitive, can ſcarce imagine that one of the uſes of water ſhould be 
to ſerve for-highways, whereon armies may march for divers days together with all their 
carriages and artillery, and whereon they encamp and fight battles with as much aſſurance 
as on the firm land; and yet thoſe that have been in Ruſſia, and the neighbouring nor- 
thern countries aſſure us, that during the winter, when the rivers are frozen over, they 
uſually take great journies on them, and oftentimes rather than in ſummer, and chooſe 
that rigorous ſeaſon, which allows them to march every where without ſinking into the 
ground, to profecute their wars in. | 

Taz ſecond of the forementioned inſtances we are ſupplied with by the declination of 
the magnetick needle from the true north and ſouth points, and the variation of that 
declination. For though the loadſtone were highly admired as well by philoſophers and 
mathematicians as the vulgar ; and though, fince the great and happy uſe of it to navi- 
gation has been generally known, men have been upon ſeveral accounts invited to con- 
iider it with a peculiar attention and regard, yet that in ſome places the magnetick needle 
does not point directly, perhaps not by a great many degrees, at the pole, as in others it 
does, is no ancient obſervation, ſince it is aſcribed to Sebaſtian Cabot; and it appears by 
the writings of our famous countryman Gilbert himſelf *, that it muſt be ſomebody that 
lived ſince he wrote that muſt have the honour of being allowed the firſt obſerver of that 
ſtrange and unexpected phenomenon, that oftentimes in the ſelf ſame place, the declina- 
tion of the needle towards the eaſt or welt does in proceſs of time conſiderably alter. 
Which diſcovery I could confirm, by comparing ſome obſervations I have had oppor- 
tunity to make, with thoſe recorded by ſome modern authors. 

And as the ſame kind of bodies may have differing qualities, and conſequently uſes 
in differing places; fo they may have, if examined or employed at differing times, com- 
prizing under that name, together with the four ſeaſons of the year, thoſe peculiar ſea- 
ſons or periods of time, to which ſome ſignal change of qualities or ſtate in particular 
bodies do belong. . | 

Tus mutations, upon the account of time, which I am here ſpeaking of, are not 
thoſe that are obvious to every eye, ſuch as the differing qualities of fruit green and ripe, 
or the degeneration of wine into vinegar ; but ſuch as are not vulgarly taken notice of, 
and require either ſkill or curioſity, or both, in the obſerver ; and of theſe a few inſtances 
will ſuffice for a taſte. | 

Wurx common urine either-is freſhly made, or has not long been kept, the volatile 
and Pungent ſalt is fo clogged with other particles wherewith it is affociated, that uſvally 
to obtain it one muſt evaporate or diſtil away near eight or nine parts of ten of the liquor, 
and then at length give a not inconſiderable heat to force up the laſt; but though the 
tradeſmen that deal in urine do commonly overlook the difference, yet if the crude liquor 

kept fix or ſeven weeks, though nut near the fire, the ſaline and noble parts will have 
0 <xtricated themſelves, that a very gentle heat will make them aſcend, and leave be- 

ad them that phlegm that formerly would have preceded them. 


Gilbert de magnete, lib. I. c. 1. See the ſame Gi/bert, lib. IV. c. z. 
Vol. III. 3 O | 
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THraT the Thames water, which our navigators are wont to take with them in long 
voyages, after a while, if they fail into hot climates, ſtinks very often too offenſively to. 
be potable, that, which happens uſually to water, which 1s vulgarly obſerved to putrefy 
by long ftanding, will eafily perſuade us; and yet it is found, that this water, by being 
kept long enough in the ſame veſſels, though it be in the ſame, or even in an hotter cli- 
mate, will at length loſe its ſtink, and grow potable again; as I have, upon enquiry 
purpoſely made, been aſſured, not only by the vulgar tradition, but by two very inqui- 
ſitive perſons upon their own knowledge; the one having particularly vblerved it, ſailing 
betwixt Europe and Africa, and the other in a voyage to and from America. And I the 
rather mention this, becauſe I am very credibly informed that there are divers other waters 
that have this faculty of recovering after putrefaction, which is ſuppoſed to be peculiar to 
the water of the Thames. 

An, if I much miſtake not, one or both of theſe very perſons named another river 
to me, with an affirmation of its having the ſame power of ſelf- recovery. And having 
held ſome curiofity to try experiments, how pump-water, or the like rough water, as 
they call them, that would not bear ſoap, may be helped ; an induſtrious perſon I em- 
ployed aſſured me, that he met with pump- waters, which after having ſtood a few days, 
without having any thing done to them, would bear ſoap, which before they would not 


do. 
CoklAx DER ſeeds being freſhly gathered have been obſerved to have fo much acii- 


 mony, that divers of the ancient phy ſicians reckon them among venemous plants; and in 


diipeniatorics they are uſually preſcribed to be prepared with vinegar, or ſome other cor- 
rective; whereas the more accurate obſervers take notice, that within a competent time 
after the ſecd is gathered, it loſes of itſelf that exceſſive acrimony that at firft blemiſhed. 
it. And the hke I find obſerved, by good apothecaries, of the roots of aron, which are 
mitigated by keeping (and which ſome noted phyſicians of my acquaintance do little leſs 
magnify to me than does Quercetan himſelf). 

[THAT vegetables, what known way ſoever they are wont to be laid up and ordered, 
do not afford, unleſs firſt reduced to ſoot, any dry volatile falt, like that of animal ſub- 
ſtances, I elſewhere more particularly declare, and thoſe that have had the curioſity to 
try it, will confirm; but yet by ſome diſcourſe I lately had with a very ingenious per- 
ſon, and ſome ſubſequent trials made after a way I deviſed to examine diſtilled liquors, I 
was fatisfied that there are divers vegetables, and thoſe very commonly growing here in 
England, which being gathered and laid together at a certain ſeaſon, and diſtilled allo 
at a certain-nick of time, will yield, inſtead of the vinegar-like, and other liquors, wont 
to be afforded by ſuch plants diſtilled the common way, a volatile ſpirit ; which in ſmell, 
taſte, and divers operations, as turning ſyrup of violets green, hiſſing with acid ſpirits, - 
&c. reſembles the volatile ſpirits and ſalts of animal ſubſtances; and which I doubt not 
but you will wonder at, this great change, whoſe ſecret I wiſh I durſt teach you, is effected 
without the help of any additament.] 

AnD, that you may not think that it. is only in vegetable and animal ſubſtances, that 
are commonly of a more Jooſe or alterable texture, that the trying things at one time 
rather than another may be very conſiderable, I will add a couple of inſtances even in 
mineral bodies, 

IT is a chymical complaint, even of the curious and experienced, that though authors 
teach us to make the ſalt of violently diſtilled or calcined vitriol, by forthwith taking 
the caput mortuum (from which all the oil has been by the violence of fire forced out) 
and extracting the ſaline part by effuſions of water; yet thoſe that make exact trials of 


it find, that when the dark red maſs of powder is newly taken out of the veſſels, of 
ſo 
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ſo totally robbed of its ſaline particles, that no affuſion of water will at all obtain from it 
the expected ſalt, Notwithſtanding which, having purpoſely enquired of ſome that diftil 
great quantities of oil of vitriol, whether or no, when they had made an end of one diſ- 
rillation, if they lay by the caput mortuum for a pretty while in the air, they could not 
find it impregnated enough with new ſaline particles, to be fit to yield more menſtruum, 
and be worth another diſtillation? I was anſwered in the affirmative, provided, that (as 
mentioned in the ſtate of the caſe) there were a competent time interpoſed between 
the former and the latter diſtillations. (The reaſon of which, according to my trials 
and conjectures, may be aſſigned of this odd phenomenon, belongs not to this place, 
but you will hereafter meet with it in another). 

Taz ſecond. inſtance I promiſed you, is afforded me by ſtones ; for there are, and not 
far from this place, quarries of ſolid and uſeful ſtone, which is employed about ſome 
ſtately buildings I have ſeen, and which yet is of ſuch a nature, wherein divers other 
ſorts of ſtone are ſaid to reſemble it, that though, being digged at a certain ſeaſon of 
the year, it proves good and durable, as in thoſe ſtructures newly mentioned; yet em- 
ployed at a wrong time it makes but ruinous buildings, as even the chief of thoſe perſons 
whoſe profeſſion makes him more converſant with it, has himſelf acknowledged to me 
to have been found by ſad experience. But concerning this obſervation, you may expect 
to meet elſewhere with a farther account. 

And though time and place be two of the principal, yet they are not the only cir- 
cumſtances whoſe variations may make ſome ſuch attributes diſcovered in natural things, 
as are not uſually heeded z of which I ſhall mention but a couple of inſtances, becauſe 
they ma ſerve to ſhew you that ſuch circumſtances as are thought the lighteſt, may 
aftord nge uſes even of ſolid and laſting bodies. Skilful artificers that grind optical 
glaſſes for tubes, have complained to me, that oftentimes the convex glaſſes they faſhion 
wil prove veiny, and conſequently, after all their labour, of little value; and yet they 
are not able to diſcover theſe unwelcome veins in the glaſs, by the moſt careful viewing 
it again(t the light, till they have ſpent a pretty deal of time about working of it; and 
even then they are unable to deſcry theſe blemiſhes, if they hold the glaſs at an ordinary 
diſtance trom the eye; but they are obliged to remove it a great way (perhaps ſix or ſeven 
feet) farther, ſo much may an increaſe of diſtance become ſerviceable even where one 
would expect the quite contrary. 

Bur probably you will look upon poſture as a lighter circumſtance than diſtance itſelf, 
and yet Dr. Gilbert has obſerved, and I have found it true by many trials, that long irons, 
as the bars of windows, that have ſtood upright for a great while, do, by that perpendi- 
cular polture, acquire a verticity or magnetick virtue, as having acquired magnetick 
poles. So tliat if you apply the needle of a dial, which I mention as the readieſt wa 
of trial, to the lower part of the bar, it will draw the ſouth end of the needle; whereas 
the upper extreme of the bar will ſeem to drive away that end, and will draw the north- 
ern. 

Bur here I muſt not forget to take notice, that I can ſcarce think men will be able 
to know al the properties and uſes, even of familiar bodies and other things, till they 
have mathematically conſidered them; there being ſeveral attributes belonging even to 
luch things, which a naturaliſt, though curious, will probably never find out, unleſs he 
be both acquainted with mathematical diſciplines, and have the curioſity to apply them 
to piylical ſubjects, And though in other eſſays of this book, divers things are delivered 
that do directly enough tend to manifeſt what I have now ſaid; yet it is of ſuch import- 
ance, that naturaliſts ſhould be thoroughly perſuaded of a truth, that may be fo much 
more uletul than it is yet generally admitted, that 1 am content to inculcate it, by ſetting 
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down here a few inſlances of ſomewhat a differing fort from thoſe elſewhere delivered, 
and more appropriated to the preſent ſubject of our diſcourſe, 

Yov will not doubt, but that ever ſince the firſt ages of the world, the majority of 
men have had ſome occaſion or other to ſee bodies ſwing ; and yet, till Galileo (for he 
is generally believed the diſcoverer) took notice of the vibrations with a mathematical 
eye, men knew not this property of ſwinging bodies, that the greater and ſmaller arches 
were, as to ſenſe, equitemporaneous; from which diſcovery have been derived ſeveral 
practices of good uſe, ſome of which have been already mentioned in theſe eſſays. 

Tnar water, running out at a hole made in the ſides near the bottom of the veſſel, 


makes a parabolical line, or one that near reſembles it, and that in ſuch effluxions of 


water, there is a determinate proportion aſſignable betwixt the perpendicular height of 
the liquor, and the diameter of the hole, whereby the velocity and quantity of water that 
would run out may be computed, has not been, that I know of, taken notice of, till the 
obfervations of the above-named Galileo, and the diligent Merſennus (to which we may 
elſewhere add ſome of our own) have endeavoured to define thoſe matters. 

As conſtantly as we have occaſion to-take notice of the air, and water, and glaſs, yet 
the curiofity of our modern maſters of opticks has obſerved many things touching the 
refraction of the beams of light made in thoſe mediums in different quantities, and to and 


from the perpendicular, not to ſay any thing of the equality of the angles of incidence, 


and of reflection made on the ſurface of till water, unheeded by thoſe that are not verſed 
in opticks: the drops of dew that hang in numberleſs multitudes upon the graſs and 
leaves, are things that every eye has been inviced to take notice of by the orient colours 


Meteo- the ſun is wont to make them afford us; but till the excellent Des Cartes, contemplating 
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them with a more critical eye, found, that in ſuch a determinate angle made at the ſpec- 
tator's eye, between the ray of light coming from a certain part of the drop, and the 
imaginary ſtraight line reaching from the eye to the ſun's center, the drop appeared red, 
and in another determinate angle exhibited yellow, blue, and other colours, and at other 
angles, ſhewed no colour at all; the world ignored a conſiderable property of ſpherical. 
diaphanums irradiated by the fun, and ſeems not to have dreamt of a neat hypotheſis, 
with which ſome ingenious mens minds are no leſs taken, than their eyes are with thoſe 
vivid colours of the rainbow, which it pretends to give a clear account of. And though: 
we daily fee pieces of wood and timber broken by the weight of over heavy bodies, yet till 
the often named, and ſti] to be commended Galileo applied geometry, and the doctrine 
of proportions to matters of this kind, the reſiſtance of ſolid bodies to be broken by 
weight (whether their own or that of other bodies) ſeems not to have been fo much as. 
ſuſpected to be reducible to fuch an eſtimate, as he and others have brought it to. And 
a virtuolo of my acquaintance (for whom Merſennus laid the way) in a muſical inſtru- 
ment that I have with pleaſure heard him play on, can obſerve a property of metals that 
chymiſts thought not of, namely, that equal wire-ſtrings made of- differing metals, and 
having a due tenſion, will yield ſounds differing as to ſharpneſs by determinate muſical. 
notes, or the diviſions of them. And to theſe I might add divers other remarks of Mer- 
ſennus and Galileo about the force of guns (which were found to increaſe with their length 
but till ſuch a number of feet, beyond which the length did but leſſen it) and the parabo- 
lical line, in which bullets (that are thought of all other bodies to move the ſtraighteſt) are 
ſaid to move; and I know not how many other mathematical attributes, if I may fo call 
them, of natural things, that geometricians, aſtronomers, engineers, &c. have already 
obſerved, might be here added, but that I think it ſufficient to ſubjoin one inſtance more 
that may well ſerve to keep us from imagining, that even the moſt familiar objects in the 
world, and that ſeem likely to afford the leaſt diſcoveries, have been ſufficiently _ 
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Jdered, For how few phænomena in nature are there that occur to us more frequently 
chan the falling of heavy bodies? And yet, though the ancients and Ariftotle himſelf 
rook notice that there was an acceleration of deſcent in falling bodies, we find not- 
that any ſo much as fairly attempted to determine that acquired velocity, till Galileo's 
obſervations reduced it to the proportion mentioned in ſome of the former eſſays, wherein 
moſt of the following mathematicians (for I have ſcarce met with two diſſenters) have 
acquieſced z and whereby in the eighth eſſay we endeavoured to meaſure heights and 
depths without geometrical inſtruments. In a word, till geometry, mechanicks opticks, 
and the like diſciplines be more generally and ſkiltully applied to phyſical things, I cannot 
think otherwiſe, than that. many of the attributes and applications ef them will remain- 
unknown ; there being doubtleſs many properties and uſes of natural things that are not 
like to be obſerved by thoſe men, though otherwile never fo learned, that are ſtrangers. 
to the mathematicks, 

And as I have hitherto obſerved of bodies, ſo I ſhall venture to add of qualities and 
divers other natural things, that even thoſe that are very familiar may have attributes and 
uſes, which the generality of men, without excepting thoſe that are otherwiſe le:rned, 
are not wont to-take any notice of, | 

Trar black bodies, for inſtance, as ſueb, are much more ſtrongly and eaſily warmed 
by the ſun-beams than white ones, nay, though the diſparity. be not-io great, than bodies 
of any light colour, ceteris paribus, is perhaps more than even you have taken norice of ; 
and yet I ſhall hereafter have occaſion to prove it by divers inſtances, and you may eaſily 
try it, either by expoſing for ſome time to the ſummer-ſun a white glove and a black, 
or a couple of eggs, whereof: one is inked, or otherwiſe blacked all over. 

LD-is ane of the moſt familiar qualities men have to deal with; and though they 
otherwiſe are nat wont to expect much from it, yet leaſt of all would they expect that it 
ſnould, contrary. to the received definition of it, which is, congregare tam. helerogenea: 
quam homogenea, that it ſhould, I ſay, perform the office of heat in, ſpirit of wine, nay, . 
and in preſenting us ardent ſpirits from beer and other liquors inferior to wine; and 
yet, not to mention Paracelſus's proceſs of making the eſſence of wine by freezing alt. 
the phlegm, we have the repeated experiments of navigators into the frigid zone, who 
aſſure us, that not only from wine, but from beer,. by the congelation of the aqueous 
parts, there may be ſeparated or obtained a liquor, ſtrong, hot, and ſpirituous, almoſt like 
aqua vitæ. 

Anp even in our: temperate climate ſome odd ſeparations. may be made by cold; 
for, not to anticipate thoſe trials of mine that belong to other papers, there may, by ſuch 
cold as we have here, be made a ſeparation in oil, of a liquor much finer and more ſpiri- 
tuous than the reſt; for I know. an eminent artificer «ho kept. it as a choice ſecret io - 
reſort (as himſelf confeſſed to me he did) in hard froſts to the great jars of oil, where he 
often found greater or leſſer cracks or chinks in the congealed part of the oil, in which 
Crannics was contained an unfrozen liquor that appeared thinner and finer than common 
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oil, and was much better than it to preſerve things from ruſting, as perhaps having leſt 


many of its ſaline parts in the concreted oil; and for that purpole was much prized, not 
* by him, but by ſome watchmakers that were made acquainted wich the virtue of 
Bur it were tedious to inſiſt on all the inſtances that may be brought of the applica- 
tions chat may be made of colour, ſound, levity, ſpringineſs, fermentation, and even 
Futrefaction; and it would be not only tedious, but almoſt endleſs to proſecute thoſe - 
inſtances that might be afforded by other more general and operative ſtates and faculties 
of bodies. For not only. motion and reſt, fluidity and firmneſs, gravity, and the 
av 2 
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have a more univerſal influence of natural things, than even philoſophers are wont to 
take notice of; but thoſe leſs catholick affections of matter, that are reckoned among 
but particular qualities, ſuch as gravity and heat, may have ſo diffuſed an influence, and 


be applicable to ſo many differing purpoſes, that I doubt, whether all the uſes of that 


particular degree or pitch of heat that reigns in fire, will have all its uſes diſcovered, be. 


fore the laſt great fire ſhall diſſolve the frame of nature. 

Nox muſt I pretermit one conſideration more, that belongs to my preſent ſubject, 
which is, that probably many more qualities or other attributes would be taken notice 
of, even in thoſe natural things, that are reckoned among the moſt known, if men did 


not want a meaſure of curioſity that might juſtly be expected. For I ſpeak not here of 


curioſity in general (which 1 doubt not would make far more numerous diſcoveries than 
were neceſſary to juſtify my preſent diſcourſe) but I only ſpeak of ſuch a curioſity about 
the things of nature we familiarly converſe with, as we could ſcarce want, if it were 
not out of lazineſs, or a prejudicate opinion, that makes us take that for granted, that 


we ſhould find to be quite otherwiſe, if we did not chooſe rather to preſume than to 
try | 


Tnvs, that falling bodies, the heavier they are, the faſter in proportion they fall, has 


been a received opinion in the ſchools ſince Ariſtotle's time, and has kept the equive- 


locity, as to ſenſe at leaſt, of bodies of very differing bulks and weights falling from 
moderate heights, ſuch as ſurpaſs not ordinary towers and ſteeples, from being taken no- 
tice of, till of late inquiſitive men by experiments found it out. | 

Tnar water by glaciation is reduced into a leſſer room, has been and is ſtill the opi- 
nion, not only of the vulgar, but of the generality of learned men ; and yet, that water 
is not condenſed, but expanded by freezing, he that will congeal that liquor in veſſels 
ſtrong enough, may ealily find by trial. And the floating of ice upon water, and the 
bubbles that are uſually to be obſerved in it, may alone ſuffice to make a conſidering man 
diſtruſt the vulgar opinion. 

Tnar the common air we breathe and live in, is a body endowed with poſitive levity, 
has been for many ages, and continues to be almoſt univerſally believed; and yet if men 
had the curioſity to examine this ſuppoſition by one or other of thoſe ſeveral ways, by 
which the gravity or levity of the air may be diſcovered, they would quickly find that is 
not devoid of weight. And even ſo ſlight a way as the condenſing the air in a blown 
bladder, by tying a ſtring ſomething ſtrong about the middle of it, may bear witneſs to 
what we ſay. For though we ſhould oppoſe, as ſome have lately done, that in ſuch 
cales the air is not in its natural ſtate, but condenſed ; beſides, that is an objection to 
which all the expedients of weighing air are no way liable, it makes rather aganlt the 
objectors, than the concluſion, againſt which they urge it; ſince, if the particles of the 
air be really light, the filling the bladder the fuller of them ought to make it rather 
lighter than heavier. | | 

THAT greater and leſſer ſounds do, as to ſenſe, move with an equal ſwiſtneſs, is that 
whoſe contrary is taken for granted; and the more excuſably, becauſe it is evident and 
confeſſed that great and ſmall ſounds do not move equally far; and yet, that this equi- 
velocity of ſounds has been made out by the late obſervations of the diligent Merſennus 
and others, you may remember to have been delivered in a foregoing eſſay, where | alſo 
endeavoured to ſhew, that this property of ſounds is not unappliable to human uſcs, 

THAT the loadſtone, which by immediate contact will rake up iron, ſhould have fo 
firange a property, as to take up far more when a cap or conveniently ſhaped piece of 
ſteel is interpoſed betwixt it and the body to be raiſed, is a thing ſo unlikely, that though 


the ancients knew and much admired the attractive virtue of the loadſtone, my 50 
. | eeme 


emed not to have ſuſpected it enough to vouchſafe it a trial: and yet ſince Gilbert's wri- | 
tines came abroad, he muſt be a great novice in magnetical affairs, that either ignores or | 
goubts it. But I muſt not do any more than touch upon magnetical experiments, ſince 
they alone would afford me ſo many truths (which the generality of men would not have 
thought likely enough to-: be worth trying) that to enumerate them, though it might 
convince your underſtanding, would, I fear, exerciſe your patience. 

Tur it is the property of unſlaked lime to grow hot by antiperiſtaſis, upon the 
uring on of cold water, and other cold liquors, and conſequently not to grow hot upon 
the effuſion of liquors that are not cold, is not only generally believed, both by learned il Th. 
and unlearned; but this property of lime has been employed as an argument to prove | | 
other matters, as well by divers of the new philoſophers, as-by many of them, that em- | 
brace the old Ariſtotelian principles: whereas I doubt not but a little trial might eaſily. 
diſabuſe them: for by the affuſion of divers liquors actually warm, I have made lime | 
Make with its wonted violence, if not with a greater. And in other liquors actually 1 
cold, like unheated water, and one or two of them far more thin or ſubtle than it, I | | 
have kept lime long without ſlaking, and without impartmg to the ambient liquor any 1 
ſenſible heat. The quality of theſe inſtances makes me think it needleſs to increaſe their We | 
number, ſince we can ſcarce wiſh a greater inducement to expect, that many new attributes | 17 
may be diſcovered in the works of nature, if men's curioſity were duly ſet on work to | 0 
make trials, than that divers have been found out, that ſeemed ſo unlikely, that men 10 
thought ir would be in vain to try them. 14 

To theſe ſeveral ſorts of inſtances, that have hitherto been reduced to our firſt conſi- wo 
deration, might well be added, that bodies, which have the ſame denomination, and Wy 
from whence men are therefore wont to expect the ſame, and but the ſame, operations 1 | 
and uſcs, may yet have peculiar ones, and ſome of them very differing from thoſe of the wo. 
generality of other bodies, that bear the ſame name. But examples of this kind will 
more conveniently. be mentioned in the laſt eſſay : and left this ſhould ſwell. too much, 


diſmiſſing this preſent conſideration, we will advance to the next. 


Rö 


I conS1DER. in the ſecond place, that the faculties and qualities of things being (for 
the moſt part) but certain relations, either to another, as between a lock and a key; or 
to men, as the qualities of external things referred to our bodies, and eſpecially to the 
organs of ſenſe, when other things, whereto theſe may be related, are better known, 
many of theſe, with which we are now more acquainted, may appear to have uſeful 
qualities not yet taken notice of. | 

I SHALL elſewhere, Pyrophilus, have occaſion to ſhew you more fully on what grounds, 
as well as in what ſenſe it is, that I take the moſt of the qualities of natural bodies to 
be but relative things. To our preſent purpole it may ſuffice to adumbrate my mean- 
ing by the newly hinted example of a lock and a key, where, as that, which we con- 
lider in a key, as the power or faculty of opening or ſhutting, ſuppoſes, and depends 
upon the lock, whereto it correſponds; ſo moſt of thoſe powers and other attributes, 
that we call qualities in bodies, depends ſo much upon the ſtructure or conſtitutions 
oi other bodies, that are diſpoſed or indiſpoſed to be acted on by them, that if there 
were no ſuch objects in the world, thoſe qualities in the bodies, that are ſaid to be en- 
dowed with them, would be but aptitudes to work ſuch effects, in caſe convenient 
objects were not wanting. As if there were no lock in the world, a key would be 
but 
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but à piece of iron of ſuch a determinate ſize and ſhape. And this compariſon I the 
rather imploy, becauſe it may be further applied to our preſent diſcourſe. For as if 
ſome barbarous American ſhould, among other pieces of ſhipwreck thrown by the ſea 
upon the ſhore, light upon a key of a cabinet, he would probably look on it as a 
piece of iron, fit only for the inconſiderable uſes of any other piece of iron made much 
broader at each end than in the middle; but, having never ſeen a lock, would never 
dream, that this piece of iron had a faculty to ſecure, or give accels to, all that is con- 
tamed in ſome well furniſhed cheſt or rich cabinet: ſo there is many a thing, that ſeems 
to us uſeleſs, whilſt we look upon it only in itſelf, which will perhaps hereafter prove 
highly uſeful, when we ſhall light upon ſome other bodies peculiarly fitted to act upon it, 
or receive impreſſions from ic. But this will be better apprehended by the following 
inſtances. . 

THrovcn iron be ſo common a body as it is, and its uſes are very many, and have 
been known as long as ſince Adam's time, yet all thoſe differing bodies, on which men 
of all forts imployed it to work, and all thoſe various ways, whereby chymiſts, phy- 
ſicians, and mineraliſts have wrought on it, during ſome thouſands of years, did never 
diſcover to man one of its nobleſt and uſefulleſt properties, which, for aught we know, 
was never found out till within theſe three or four ages: for a ſteel needle, being ap- 
plied to a loadſtone, manifeſted itſelf ta be capable of conſtantly ſhewing the north and 
ſouth in all ſeas, in all weathers, and in all times of the day and night to navigators, 
who, by this property, which depends upon the relation that iron has to one only 
ſtone, have been enabled to diſcover the new world, and enrich the old with the drugs 
and treaſures of it. | 

AFTER all the vain attempts that even ſubtle chymiſts have made to arreſt the 
fluidity of quickſilvet, the knowingeſt perſons that have meddled with that mineral, 
and eſpecially if they have obſcrved, that the keeneſt froſts, that are capable of freezing 
even aqua vitæ, are unable to congzal it, have been very much inqiſpoſed to reckon an 
caſy coagulableneſs amongſt its qualities; and yet we ſee, that though the mixture of 
no other known body will diſcloſe its having any ſuch affection, yet the vapour of melted 
lead will ſometimes (for that experiment will not always ſucceed) reduce quickſilver, even 
in its mals, into a conſiſtent and ſomewhat tough and hard body. 

VinzGar being a liquor that has been generally known and uſed for ſome thouſands 
of years, men have imployed it upon great variety of bodies, and to very many uſes, 
but eſpecially to communicate a ſourneſs to the“ things wherewith it was mingled ; but 
when it came (probably by chance) to be applied to the diſſolving of lead calcined or 
crude, it manifeſted, that at had a faculty to exhibit a more than ſaccharine ſweetnels, 
which, for aught I know, it exhibits with that metal only; for I have not yet known 
crude vinegar diffolve tin, though calcined : and though by a flight artifice, elſe- 
where mentioned, we have been able to make ſtrong vinegar diffolve the calx of Jupiter, 
yet was the ſolution far differing from, and inferior to, the taſte of the ſolution of lead 
newly mentioned. 

SP1R1T of urine is a liquor, that has been long known to chymiſts, and might rea- 
ſonably be looked upon as likely to be a good menſtruum for ſeveral bodies: but it 1s 
not probable, that after it had been imployed to diſſolve divers compact bodies, it ſhould 
be ſuſpected, that it would coagulate fo thin, light, and fugitive a body, as ſpirit of 
wine itſelf; and yet we have often (as there will be hereafter divers occaſions to relate) 
tried, that if both liquors be ſufficiently pure and dephlegmed, they will afford that 
ſtrange ſnow-white concretion, that Helmont calls his Offa alba; which, however by his 


followers aſcribed to him as the inventor, I find mentioned in ancienter books than his 
| an 
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and I remember, that even Raymond Lully relates, with what wonder he firſt ſaw this 
experiment (which indeed is conſiderable) performed. 

And as the ſpirit of urine has ſuch an odd property, when it meets with ardent ſpirits 
dephlegmed z ſo the ſpirituous parts of urine, without being ſeparated from the reſt, 
have a faculty, that one may yet leſs expect, if they be duly imployed, to operate upon 
muſk : as I have had the opportunity to inform myſelf by inquiry of a ſcholar, who 
lived in China, and affirtned himſelf to have divers times ſeen muſk made. For this 
perſon anſwered me, that he had obſerved it to be the practice of others, and 
had made trial of it himſelf in thoſe eaſtern parts, that the muſk being made up, and 
put into cods or bags made of the ſkin of the ſame animal, (in which form J have re- 
ceived preſents of muſk ſent me from the Indies) they do, either before or after, hang 


it in a houſe of office, ſo as it may, without touching the groſſer bodies, receive the 


ſœtid exhalations of that naſty place; by which urinous ſteams, which it is expoſed to 
for ſome days, the leſs active, or more immerſed ſcent is, as it were, called out, and 
excited or heightened. And I found, by farther enquiry of the ſame perſon, - that hav- 
ing carried muſk from thoſe eaſtern regions, where it is made, to other and remote 
parts of the ſame Indies, he found, that, by the length of the voyage by fea, his muſk 


had very much loſt its ſtrength, which he afterwards reſtored to it, by following the 
advice of ſome ſkilful perſons, according to which he tied the muſk clofe in a bladder, 


wherein, having pricked many little holes with a needle, he hung it up for ſome days 
in ſuch ſtinking place as has been newly mentioned. Whereto agrees very well what I 
have read in a late eminent phyſician of Rome, (where the art of perfuming is very 


much cultivated) who communicates it as the chief ſecret practiſed by the perfumers 


there, for recovering the ſcent of decayed muſk, that it be kept for a competent time 
in linen well moiſtened with rank urine. | | 


Tu uſes of geſſo (as the Spaniards and Italians call it,) or gypſum, are numerous 


enough in the ſhops of ſtone-curters, moulders in plaiſter or wax, and divers other arti- 
ficers ; but one would ſcarce ſuſpect, that, beſides the various uſes theſe tradeſmen put 
it to, it ſhould have one ſo very differing from them, as to be an excellent medicine, if I 


may ſo call it, for wine: and yet, that they uſe great ſtore of it about thoſe choice 


ones, that come to us from the Canaries, is a noted tradition among thoſe that deal in 
that ſort of liquor, and has been confirmed to me by an eminent wine-merchant, that 
lived ſeveral years in thoſe iſlands. And, that about Malaga they put up a good pro- 
portion of it into the. juice of their grapes, when they tun it up, is affirmed to me by 
a curious eye-witneſs, who was there in vintage-time, and of whom I purpoſely en- 
quired about it. 

Tnouon ſilver be ſo noble a metal, and ſo much known and uſed, that it was the price 
of things as early as Abrabam's time, yet one very fine uſe of it has been known but 

ſince the art of annealing upon glaſs came to be practiſed. For among other experi- 
ments of this art we find, that prepared ſilver (ard I have ſometimes done it pretty well 
with the crude metal) being as it were burned upon a plate of glaſs, will tinge it with a 
fine yellow or golden colour: there are alſo divers mineral earths, and other coarſe foſ- 
ſils, of uſe in this art, which, by the help of the fire, makes them impart colours to glaſs, 
both tranſparent, and ſometimes very differing from thoſe of the bodies themſelves, as 
| may ellewhere have occaſion to ſpecify. In the mean time, give me leave to name 
this reflection upon the art of painting, that it is very hard for us to be ſure, that we 

now ſo much, as all the ſeveral ſorts of uſes that may be made of the particular bodies 


we converſe with, ſince upon the invention of a new art or trade, of which we know 


not 
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not how many femain yet to be found out, divers uſes and applications of bodies come 

to be diſcloſed, that were never ſuſpected before. e 

Tux uſe of lyes made with common aſhes to waſh linen has rendered them for theſe 
many ages very familiar: but though their effects on the other bodies, upon which they 
have been employed, ſeemed not to have any affinity with what I am going to men- 
tion; yet when a ſtrong lixivium is applied to ſyrup of violets, (Which is alſo a very 
known liquor) to which it has a peculiar relation, it will then immediately change the 
colour of that ſyrup from a blue to a perfe& green, and fo it will the violet leaves cruſhed. 
on a piece of white paper, without the help of ſugar, or any preparation. 

Repness, though a colour as obvious as moſt others, and to the generality of men. 
very pleaſing, however it hath no offenſive property, in reference to other animals, fami- 
larly known amongſt us, (at leaſt, that we have taken notice of ;) yet being preſented. 
to the eyes of turkey-cocks, it has ſuch an incongruity with them, that oftentimes it is. 
obſerved to make them very angry, as far as can be judged by the tokens of being dif- 
pleaſed it produces in them. 

Tux leaves of oaks, that are ſuch common things, and are not obſerved to have, in 
reference to any other body, which chance or induſtry applies them to, any ſuch. pro- 
perty as that I am about to name; theſe leaves, I ſay, if when freſh, they be immerſed 
in the water of mineral ſprings, impregnated with the ſubtle corpuſcles of iron, I have 
Teveral times found to turn the liquor blue or black, according to the proportion and 
vigor of the two ingredients. | | 

One would not expect, that ſo dark and black a body as charcoal ſhould be the 
main thing employed, not only to cleanſe and brighten ſome metals, but to procure a. 
clearneſs, and give a gloſs to ſome tranſparent bodies. And yet I learned from the 
makers of mathematical inſtruments, gravers, and other artificers, that the beſt way. 
they have, and which I have ſeen them employ, to poliſh their plates of braſs and cop- 
per, (after they have been rubbed clean with powdered pumice-ſtone) is with charcoal, 
(which ſome of the more curious burn a ſecond time, and quench in appropriated liquors,) 
as that, which both ſerves to fetch out the ſcratches of the pumice-ſtone, and itſelf 
ſcours without ſcratching, and thereby poliſhes very ſmoothly. And by the ſame way 
they may cleanſe and poliſh the plates of horn, of which they make lanthorns, drinking- 
cups, &c. To which, as to the metalline plates, a gloſs may be afterwards given with 
tripoli. | fe 

PERHAPS it will not be improper to take notice to you, Pyrophilus, in this place, that: 
not only the nature of the body to be wrought upon, but ſome peculiar circumſtances 
relating to it, may contribute to the effects of ſuch experiments, as thoſe treated of in 
this ſection. As for example, one would not expect that water, which is ſo apt to run 
out at the chinks of wooden veſſels, ſhould, without addition, become the fitteſt inſtru- 
ment for cloſing them. And yet I have more than once found by trial, as I preſume 
many tradeſmen have done, that when wooden barrels or firkins, and the like veſſels, 
by having been long kept too dry, come to have clefts and commiſſures, this inconve- 
nience may be remedied by pouring water into them. For though at firſt the liquor 
quickly runs out again, yet by frequent affuſions of it, the wood, eſpecially thoſe edges- 
between which the water runs out, becomes ſo ſoftened and plumped up, that the little 
intervals or chinks are, by the ſwelling of the neighbouring parts,. cloted up, and the 

veſſel becomes ſtanch. 5 

AND upon a like reaſon ſeems to depend that odd experiment, much talked of by 
ſome of our eminent Engliſh ſeamen, who, for the haſty ſtopping of a leak that is not 


too great, much commend the thruſting into it a piece of powered beef; for this bs 
| muc 
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much more ſalt than the ſea-· water, that liquor pierces into the compact and (in great part) | 
dry body, and by opening the ſalts, and ſoaking into the fleſh, makes the ſwelling beef 

expand itſelf, ſo as to bear ſtrongly againſt the edges of the broken plan s, and thereby 

hinders the water from flowing into the ſhip as it did before, 


VVV 


1 cons1DER in the next place, that a body in aſſociation with others may be made 

fit for new uſes, and ſome of them quite differing from thoſe, that were proper to it 
before. 
Tuts third conſideration is, in ſome regards, of affinity with the firſt, but yet is 
not the ſame, ſince in the former we conſider the power, that one body has to act 
upon another, or the diſpoſition it hath to be acted upon by it; whereas now we con- 
ſider the two bodies or more, as being by conjunction qualified to act on a third body, 
or ſuffer from it, as one entire concrete, upon the account of new and emergent pro- 
perties, accruing to the compound by the aſſociation of the more ſimple. bodies, chat 
compoſe it. 

You will meet with ſtore of inſtances, both in theſe eſſays, and other of my writings, 
eaſily applicable to the illuſtration of what is here delivered, and therefore it will ſuffice to 

Fame in this place the fewer, 

He that takes notice, how flexible a metal tin is, and how dead a noiſe it yields, 
will ſcarce dream, that one of its uſes, and that none of the deſpicableſt, ſhould be, 
to make another metal, which is leſs yielding, and has a leſs dead ſound than itſelf, not 
only hard, but ſonorous : and yet we ſee, that bell-metal, which, when caſt into bells, 
makes a hard mixture, that ſounds ſo loudly, is made principaily, as has been already 
noted, by the addition of a certain proportion of tin to copper. 

IN the common experiment of making ink, the infuſion or decoction of galls is yel- 
lowiſh, or reddiſh, and the ſolution of vitriol will, as the concrete participates more of 
iron or of copper, be either green or blueiſh ; but from the mixture of theſe two li- 
quors there will emerge an inky blackneſs, 

Tnar oil, that is a body ſo mollifying and ſlippery, and whoſe unctuoſity make its 
moiſture ſo much more difficult to be waſted or deſtroved, than that of water, wine, 
or other not tenacious liquors, ſhould be one of the two or three main ingredients, and 
the only moiſt one of a hard and durable cement, is that, which prubably you would 
very little expect from it: and yet, not to mention what trials of that nature I have 
made, becauſe I had not time to obſerve the full event, a very ingenious man, much 
employed about coſtly water-works and dams, aſſures me, that the beſt way he has to 
Joia together, and, if need be, piece and mend with a cloſe and laſting cement the 
pipes that are uſed for ſubterraneal aqueducts, that are long to hold running water, is 
to take good clay (ſuch as tobacco-pipes are made of,) and having diied it, and re- 
duced it to a very fine powder, and mixed good ſtore of ſhort flocks with it, beat it 
up very diligently with as much linſeed-oil, as will ſerve to brirg it to a ſtiff paſte, al- 
moſt like well kneaded dough. This paſte he faſhions into pipes of the length and 
bigneſs required, which, though they will be long a drying in the air, yet, when 
once throroughly dry, are very ſtanch ard laſting. And I remember, that before I 
learned this, having occaſion to try divers experiments about cements, I chanced to 
meet with an ancient artificer, employed to keep in repair the conduits that brought 
Water to London, and in exchange of a lute or cement that I taught him, he was for- 
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ward to ſatisfy the curioſity I had to know what cement he employed about fo impo- 
tant a work, and he aſſured me, that oil was one of the main ingredients (and the only 
liquid one) he employed. | 

Hs that conſiders, that lead is one of the moſt opacous and flexible bodies, that the 
world affords, will not eaſily imagine, that one of its uſes ſhould be to make u 
about three parts of four of a mixture ry oe > and exceeding brittle; and yet this 
is eaſily performed by divers chymiſts (and I elſewhere mention my having often done 
it) in making of calcined lead, and powdered flints or ſand, a brittle and diaphanoug 
compoſition, called by Spagyriſts Vitrum Saturni. 

Anp this mention of glaſs ſuggeſts to me another inſtance, fit for my preſent pur- 
poſe : for who would imagine, that ſuch a body as the fixed falt of kaly, which, as other 
alkalies, that take their denomination from it, has a ftrong and fiery taſte, and is not 
only readily diſſoluble in water, wine, or any ſuch liquor, but will in a ſhort time, be- 
ing but left in the air, be reduced into a liquor; who would expect, I ſay, that it 
ſhould be of any uſe, much leſs the main of this cauſtick, and eaſily diſſoluble body, to 
be one of the two main ingredients of a ſubſtance both perfectly inſipid, and indiffoluble, 
not only in water, wine, &c. but even in aqua fortis, aqua regia, ſpirit of wine, 
quickſilver, ſpirit of urine, and other menſtruums, ſome of them highly corroſive, and 
others extremely ſubtle and piercing; and yet ſuch a mixture is uſually afforded us in 
glaſs (eſpecially the more durable ſort of it) wherein that there is actually a great pro- 
portion of alkalizate ſalt, I confeſs, I doubted, till having purpoſely enquired of an in- 
genious maſter of a glaſs-houſe, how much glaſs he uſually obtained, when he put in 
ſuch a quantity of ſand, I found by his anſwer, that the glaſs obtained was many pounds 
in the hundred more than the ſand that was employed to make it : whence I gathered, 
(what he alſo affirmed) that the alkaly did not only ſeem (as one might ſuſpect) to pro- 
mote the fuſion of the ſand, but does materially and plentifully concur with it to com- 
poſe the glaſs. | 

AnD whereas I intimated at the very beginning of this third ſection of this eſſay, that 
bodies when aſſociated, may be applied, not only to new uſes, but perhaps to ſome 
that are quite differing from thoſe, that belong to ſome of the reſpective ingredients ; 
this obſervation may be made good by ſeveral inſtances, and even by ſome that are very 
obvious, as well as by others that are not ſo familiar, For we may take notice, that 
though oil, and tallow, and other ſuch unctuous bodies, be thoſe, that do greaſe and 
ſpot linen and woollen clothes; yet thoſe very bodies, being ſkilfully affoctated with 
others, though with but a lixiviate ſalt and fair water, do plentifully concur to the 
making up of ſoap, by the ſolution of which greaſe is readily waſhed out of linen 
cloths, and others, belides thoſe, are alſo freed from the ſpots of it. But divers others 
inſtances applicable to this purpoſe belonging more properly to the following part of 
this eſſay, till we come thither, it may ſuffice, that I illuſtrate and confirm what hath 
been propoſed by the ſingle, but noble inſtance of Aurum fulminans. For though fait 
of tartar be a fixed body, and of a fixing quality, yet being ſkilfully aſſociated with 
gold, diſſolved in aqua regia, though that be thought the fixedeſt, not only of metals, 

but of bodies; yet the gold precipitated by this fixed and incombuſtible ſalt becomes 
ſo exceeding fugitive, that by a gentier heat than would kindle any known body in 
the world, it is made to fulminate like gun- powder, (but many degrees more violent 
than it ;) and, which you will alſo think ſtrange, though ſulphur be a body of ſo quick 
accenſion as is obviouſly known, yet by an caſy way, elſewhere to be taught you, of 


mixing thoſe two only, you may, as trial hath informed us, make it (which you will 


caſiiy allow to be one of the unlikelieſt uſes of ſulphur) even by its being. ſet on _—_ 
| nder 
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hintzer the accenſion of this ſo eaſily kindled gold, which I have known thereby readily 
turned into a medicine, that ſome cry up for excellently diaphoretick, (though I doubt 
whether Aurum fulminans work not rather another way,) and which I remember J have, 
in a crucible, kept long in the fire without los. 245 

ISHALL only add to this third conſideration this one particular, that is of too great 
moment to be pretermitted here, though it have been already in part taken notice of on 
another occaſion; namely, that the effects and uſes of mixtures do not only depend upon 
the nature of the ingredients, but may be oftentimes much varied by their proportion. 
And of this the mineral, which at the glaſs-houſes they are well acquainted with, under 
the name of mangahez, will afford us a pertinent and conſiderable inſtance. For though 
it be a coarſe and dark mineral itſelf, and though being added to the materials of glaſs in a 
fuller proportion, it make the black glaſſes, that are ſold in ſnops; yet not only a mo- 
derate proportion of it is- ufed to make glaſs red, but, which is more remarkable, a 
ſmall and due proportion of it is commonly employed to make glaſs the more clear and 
diaphanous. : 


$'E-C TON - IV: 


Is the fourth place I conſider, that a body, by a differing preparation of management, 


may be fit for new, and perhaps unthought of purpoſes. For the qualities of bodies 
depending for the moſt part upon the texture of the ſmall parts they are made up of, 
thoſe ways of ordering greater bodies, which do either by addition, detraction, or tranſ- 


poſition of their component corpuſcles, or by any two; or all of thoſe ways, make any. 


notable. change of the former texture of the body, may introduce new qualities, and 
thereby make it fit for divers uſes, for which it was not proper before. 


We ſee to how many ſeveral uſes men, that were neither philoſophers nor chymiſts, 
but for the moſt part illiterate tradeſmen, have been able to put iron, by but varying 


the viſible ſhape of certain portions of it, and connecting ſome of them after a peculiar 


manner; as is obvious in the ſhops of blackſmiths, lockſmiths, gunſmiths, cutlers, 
clockmakers, ironmongers, and others. But to give you a more phyſical inſtance in_ 
the ſame. metal, be pleaſed to take notice, how much a change, made by a natural agent, 
the fire, in the inviſible texture of iron, does ſpeedily alter it; when of the ſame bar of 
iron, by the help of fire and water, the artificer makes hardened iron, and iron of a 
temper fit for drills, and knives, and ſprings, and I know not how- many other inſtru- 
ments, which require diſtin&t tempers in the metal they are made of; that temper, . 


which renders them fit for one uſe, leaving them unfit for another. 
Bur we need not confine ourſelves to inſtances, wherein no new ingredient is added 


to, or taken from the body to be altered; it being ſufficient, that the additament upon 
its own account do not bear ſo great a ſtroke in the change produted, but that it be 


principally aſcribed to the way of ordering the body wrought upon; and ſpenking of 


the management of a body in this ſenſe, (which is uſual and proper enough,) I ſhall 


ſubjoin a few inſtances, of the many I might add, to make good our propoſicion. 
Troven paper be one of the commoneſt bodies that we uſe, yet there are very few, 


that imagine it is fit to be employed otherways than about writing, or printing, or 


wrapping up of other things, or about ſome ſuch obvious piece of ſervice, without 


reaming, that frames for pictures, and divers fine pieces of emboſſed work, with other 


curious moveables, may, as trial has informed us, be made of it, after this or the like 
manner. Firſt, ſoak a convenient quantity of whitiſh paper, that is not fine, about two 
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or three days in water, till it be very ſoft; then maſh it in hot water, and beat or work 
it in large mortars or troughs, (much after the manner uſed in ſome places to churn 
butter) till it be brought to a kind of thin pap, 'which muſt be laid on a ſieve, without 


preſſure, to drain away the ſuperfluous moiſtneſs, and afterwards: put into warm water, 


wherein a good quantity of fiſh, -glew, or common ſize, has been diſſolved. Being 
thence taken out by parcels with a ſpunge, it muſt therewith (for the ſpunge will dry 
up the ſuperfluous moiſture) be preſſed into moulds of iron, or of ſuch plaiſter as ſta. 
tuaries uſe, wherein having acquired the figure, which is intended to be given it, it is 
thence to be taken out, and permitted to dry, and is to be ſtrengthened, where need re- 
quires, with plaiſter, or grated chalk, - made into pap with water, or ſome other conve- 
nient matter; and afterwards, having firſt been leiſurely dried, it is to be either painted 
or overlaid with fohated ſilver or gold, as the artiſt pleaſes. I may elſewhere have oc- 
caſion to mention another unlikely uſe of paper, namely, to ſtop the clefts and commiſ. 
ſures of wooden inſtruments and veſſels that are to hold water. For paper being thruſt 
into theſe narrow places, the firſt water, that comes to it, being ſoaked up, occaſions a 
forcible dilatation, which makes the ſwelling paper fill the chinks it is lodged in, ac- 
cording to what was lately delivered at the cloſe of the ſecond ſection. 

Tus ſugar-cane has been a plant well enough known to many countries and ages, 
who were not unacquainted with the ſweetneſs of its juice, and yet ſeem never to have 
made ſugar of it, for want of knowing the way of ſo ordering it, as to coagulate into a 
durable, as well as delicious ſubſtance. | | 

Topacco was likewiſe a noted plant in the Yef-Indies, which was yet ſuffered yearly 
to rot and periſh like other herbs, till the induſtry of the moderns finding the way of 
curing it, as they call the method of ordering it, made it, by the help of mere ſkill, laſt in an 
improved condition for divers years, and fit to be tranſported, as it plentifully is, over 
all the world. . »Þ in: OT. 

Tus leaves likewiſe of indigo, which would uſeleſsly periſh like thoſe of other ſhrubs, 
by the mere way of ordering them, which too is rather by ſubtraction than addition, have 
been long made a laſting pigment or dying ſtuff, and one of the moſt ſtaple mer- 
chandiſes that even the Eaſt- Indies ſend us. E 218 

I M1GHT add, the great uſe that we are enabled to make of madder, woad, and divers 
other periſhable plants, by the way of ordering them; but there is one inſtance of this 
kind fo conſiderable, that though I have formerly named it to another purpoſe, and 
though I am willing to mention but one example more of this ſort, I cannot but 
pitch upon this; ſince it excellently manifeſts, what may be expected from a ſkilful or- 
dering of nature's productions, by ſhewing us, what even the ſavages of America have 
been able to perform in this kind. For though their mandioca be confeſſedly a 
poiſonous plant, yet without addition they make of it their caſſavi- meal, whereof not 
only the Indians, but alſo many Europeans make their bread, which I alſo have made 
ſome ule of without diſlike. And with no addition, unleſs it be perhaps that of ſpittie, 
they make of the poiſonous juice of the ſame root a not unpleaſant nor ſtrengthleſs drink, 
which divers, even of the Engliſh, compare with our beer. And of the bread made of 
t hat caſſavi-root, they brew, in ſome of our American colonies, a liquor by the planters 
called Perino, which I have known, even by perſons of quality, equalled, if not pre- 
ferred to wine itſelf. Ep 

Tas ſhreds of leather pared away and thrown aſide by the glovers, by ſo ſlight a way 
of ordering them, as only the boiling them long in fair water, diſſolves them in that li- 
quor, and reduces them with it, the decoction being (trained and cooled, into a kind ot 
jelly, that they call ſize (which may be allo made the ſame way of cuttings ol parch- 

ment, 
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ment, and better yet with thoſe of vellom) which is of great uſe towards the produc-- 
tion of very differing trades: ſome of which productions are already touched upon in 
this book, to which 1 ſhall here only add, for the eaſineſs of the experiment, that the 
tine red ſtands, and hanging-ſhelves, are made with ground vermilion, being only tem- 

red up with it, and laid upon wood, which being thus coloured, is, when it is dry, 
aid over with common varniſh, which preſervesit from wet, and gives it a gloſs. 

IT would ſcarce be ſuſpected, that ſo white a body as ivory ſhould, among other 
uſes, be proper, without the addition of any black, or ſo much as dark-coloured body, 
to yield one of the deepeſt blacks that has been hitherto known; and yet many of our 
eminent painters count that black; which they call ivory-black, the perfecteſt that has 
been hitherto employed in their art; And this ſable may be made of ivory, without 
addition, only by burning it'a-while in a cloſe pot; and we have made it by keeping it 
a while among coals and aſſies, only wrapped in ſtore of wet paper to keep it from 
ſpending its denigrating fulphur in an actual flame; (to prevent which, the pots it is 
burnt in, are wont to be cloſed with lute, or otherwiſe ſufficiently ſtopped) as if artifi+ 
cers were acquainted with the old rule, aduſta nigra, peruſta alba. 

Anp om this occaſion I ſhall add, that this black made of ivory is ſo excellent in its 
kind, that T'ſcarce know any thing ſo proper to make foils of, for that nobleſt ſort of 
gems, diamonds. And I remember, that a very ſkilful jeweller, of whom I bought 
ſome ol thoſe ſtones, and whom I employed to ſet others for me, confeſſed to me, that 
burnt ivory was the thing he made uſe of for foils to the diamonds he had a mind to ſer: 
well. | : 

ANOTHER inſtance there is, which I muſt by no means pretermit; now that I am en-- 
deavouring to ſhew what the preparation or management of a body, even by illiterate 
tradeſmen, may do to make it fit for unlikely uſes. For one would ſcarce imagine, . 
that from ſo groſs and foul a body, as the inteſtinum rectum of an ox or cow, there ſhould. 
be obtained a tranſparent ſubſtance, more thin by far than paper; and yet of ſo great a 
firmneſs and toughneſs, as is ſcarce at all credible to thoſe, that have not been, as I 
have, convinced of it by experience. But it is certain, that ſome of our gold-beaters in 


London, and perhaps not there only, do, by cleanſing and otherwiſe preparing the above- 
mentioned naſty gut of an ox, obtain exceeding fine membranes, ſome of which I'keep: 


by me, that though clear and ſtrangely thin, are yet of ſuch tenacity, that when the 
thin plates of gold are put between them, or in their folds, the force of a man frequently 
ſttiking them, with a vaſt hammer made of purpoſe, almoſt as heavy as he can well! 
lift up, does uſually, as I have ſeen with {ome wonder, attenuate and dilate the in- 
cluded gold, without being able to break theſe ſo fine ſkins; . 

THEsE inſtances, Pyrophilns, we have hitherto produced, are almoſt all of them ſuch, . 


as either nature herſelf, or nature aſſiſted but by tradeſmen, and other illiterate perſons, . 


has preſented us. And therefore queſtionleſs, the power that a ſkilful management may 
have to produce great changes in bodies, and thereby fit them for new uſes, will be 
much advanced, when they ſhall be ordered by ſuch, as are either good chymiſts, or 
dexterous at mechanical and mathematico- mechanical contrivances, eſpecially, if in the - 
lame perſons a {kill in theſe two forts of knowledge ſhould concur. 

Tnar ſkill in mathematicks may teach a man fo to manage natural things, as to ena- 
ble him to make other uſes of them, than thoſe that want it will dream of, we may be 


perſuaded by ſeveral particulars. For we ſee, that from a bare giving to a piece of 


ordinary glaſs a priſmatical ſhape, that diaphanous and colourleſs body may be made to. 


exhibit in a moment all thoſe delightful and vivid colours, for which: we admire the 


rainbow; and though merely by giving a piece of foliated glaſs or metalline fpeculum.. 
A Concave . 
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a concave figure, it may be made to burn ſtrongly by reflection, yet by giving a piece 
of glaſs a convex figure, you may qualify it to burn by refraction, and even with water 
fitly figured, you may readily. kindle fire, For though a round and hollow ſpherical 
phial of pure glaſs will tranſmit the ſun-beams without making them burn, and conſe. 
quently has not of itſelf the faculty I am going to name, but ſerves chiefly to terminate 
the water, that is to be poured into it, and give it its due figuration; yet by filling a ſphe- 
rical phial, I have taken pleaſure ſo to unite. the ſun-beams, as, when froſt and ſnow 
was about me, to make them burn; (and perhaps ice itſelf, if choſen free from bubbles, 
and conveniently ſhaped, may, as ſome incomplete trials make me hope, be made fit 
enough for that purpoſe.) And much more. vigorous the accenſion would be, if two 
bare concave glaſſes of like ſhape, equal bigneſs, and truly ground, had their edges ſo 
Joined by a cloſe frame, that the cavity. contained between the inſide of the glaſſes and 
the frame may be filled with fair water; for by this means (the convex ſide of each glaſs 
being outermaſt) the whole. inſtrument (one or two of which I have ſeen in a virtuoſo's 
hands) will ſerve for a double convex glaſs, which may by this means be made far larger, 
and more efficacious, than other burning glaſſes of that figure, which conſiſting each of 
them of a ſingle piece of ſolid glaſs, are wont to be far inferior in bigneſs to ſuch hollow 
ones, as may be eaſily enough attained. | | | 

AnD now I have named ſolid glaſs, give me leave to take hence a riſe to add, that 
though glaſs ſtopples are made only by giving them an almoſt conical figure, and a 
ſuperficies fitted by grinding, for an exquiſite contact with the inſide of the neck of a 
glaſs-bottle ; yet this way of ordering glaſſes, which is aſcribed not to mere philoſophers, 
but men verſed in optical and mechanical trades, produces ſtopples much ſurpaſſing all 
known before ; not only in this, that neither aqua fortis, nor. other corroſive liquors, 
work upon them, but alſo in their being able to keep in even the ſubtileſt ſpirits ſo ſtriftly, 
that I remember having once forgot ſome ſpirit of ſal armoniack in a large bottle, which 
it did not near a quarter fill, when I long after (as I remember about ſeven years) came to 
that part of England again, I chanced to find this bottle in a place, where, being withour 
an inſcription, I knew not what the contained liquor was; and taking off the glaſs- 
ſtopple, to diſcover by the ſcent what it might be, upon ſmelling to that ſolid body, 
the adherent ſpirits operated ſtrongly enough upon my noſe and eyes to make me almoſt 
ſtagger, and wiſh my curioſity had been more cautious, 

WHrar I have further obſerved about the way of making, and the applications of this 
kind of glaſſes, belongs not to this place, where it would be fit to proſecute my former 
diſcourſe, by ſhewing you, how much the chymical management of things may alter 
and improve them, were it not, that it would be improper to venture upon ſo copious 
a ſubject in one of the ſections of an eſſay, where I. ſhall therefore but point at it, with- 
out pretending to treat of it. 

We ſce that chymiſts can out of ſome fruits, that grow wild in the hedges, and 
are not edible, as alſo out of the lees of ale and beer, draw an inflammable ſpirit 
which, for many purpoſes (not medicinal) may be made uſe of for that of wine. We 
ſee that out of the dry body of hartſhorn, as likewiſe out of the ſkull and bones of 
dead men, and other animals, which have been wont to be looked upon to be ſo devoid 
of moiſture, that men proverbially ſay, as dry as a bone, chymiſts do ordinarily, to 
the wonder of the ignorant, dra ſtore of ſpirit, and oil, and phlegm, as they likewiſe 
do from the drieſt woods. Some of them alſo, of the opacous body of lead mixed with 
ſand, and a few grains perhaps of metalline pigment, can make in a few hours variety 


of amauſes, or metalline ſtones, which, by their tranſparency and lovely colours, do 
pleaſingly 
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leaſingly emulate rubies, emeralds, and other native gems; about the emitation of 
which, 1 may elſewhere acquaint you with ſome of my trials. 

How unlikely effects may be ſometimes produced by a ſlight ſpagyrical preparation of 
things, May ſufficiently appear by the Bolonian ſtone, from which (though one would 
not, upon the ſight of it, expect any ſuch matter, yet) being duly prepared by chy- 
mical calcination, it acquires that ſtrange property of ſhining in the dark a while after it 
bas been expoſed to the ſun, for which it is ſo jultly admired by us, that have ſeen it, 
that it is judged unfit to be believed by many criticks, that have not. | 

Any here let me take notice to you, Pyrophilus, that very ſlight circumſtances in 
the management of a body may ſometimes produce conſiderable and unlikely effects, 

Trar falt, diſſolved in water, is a powerful hinderer of the congelation of that liquor, 
is a matter of common obſervation ; neither the ſea- water, nor brine, being uſually 
frozen with us by ſuch froſts, as turn common water, and ſome liquors more indiſpoſed 
than that is, into ice. And yet ſea-ſalt, which being diſſolved in water, keeps it from 
freezing, being outwardly applied to water, does ſo powerfully concur with ſnow or ice 
to make it freeze in artificial glaciations, and is ſo neceſſary to the effect, that the ſnow 
or ice, without the ſalt, would not ordinarily, here in our climate, produce in a ſeaſon- 
able time any ice at all, as I more than once purpoſely tried. 

THERE is a certain powder, which by the proportion and mixture of nitre (whereof 
it chiefly conſiſts) with other ingredients, obtains ſo odd a texture, that if putting it 
into a crucible, you ſhould place that upon the coals, as is uſually done in other fluxes, 
the powder would blow up, or take fire with violence enough, and perhaps not with— 
out danger; and yet, if inſtead of kindling this powder from the bottom upwards, you 
kindle it from the top downwards, there will be no danger in it, but it will make a 
powerful flux for the reduction of metalline powders mixed with it into a body. 


. 


Is the fifth and laſt place I conſider, that the generality of effects to be performed, 
being not produced by one ſingle and unaſſiſted production, either of nature or of art, 
but requiring the concurrence of more; he, that knows not the nature or properties of 
all the other bodies, wherewith that, on which the experiment propoſed is actually, or 
may be uſefully aſſociated, or otherwiſe imployed, can hardly diſcern all the effects the 
experiment may poſſibly concur to produce. For, whereas many inventions or opera- 
tions conſiſt, as it were, of diſtinct actions; a body, that ſeems uſeleſs to the main and 
ultimate effect, may uſefully concur to the performance of ſome intermediate or ſubordi- 
nate part of the operation (by being requiſite to which, it may be of no uſe to the expe- 
nment conſidered in the groſs, though not to each diſtinct part of it.) | 

Tnovon ſpirit of wine will ſcarce (if at all) even in a very long time draw a red tinc- 
ture out of the flowers of ſulphur, yet, when they have been opened, by having been 
fluxed together with an equal weight of ſalt of tartar, we have found, that they will 
in a few minutes, and in a gentle heat, give, in thoroughly deflegmed ſpirit of wine, a 
tincture or ſolution as red as blood; which being freed trom the ſuperfluous menſtruum, 
will afford us a balſam much finer than that vulgar one, . which is wont to be made of 
the ſame flowers diſſolved in oil of turpentine, 

THAT uch amalgams of gold and mercury, as goldſmiths are wont to gild ſilver 
am cannot by ordinary ways be made to adhere either to iron or ſteel, is a thing ſo 
weil known among gunſmiths, and ſuch artificers as work upon iron, that when J in- 


Vol. III. 30 | quired 


489 


rn 


a _ — — - — 


4 _— 


— - 


. * * bs 
"—"—_— Lat. * 


- 
— 425 = — 
— , of _—__—— — —— 
— — —. == — 


* ** ol 
1 — — — 


a — — 


— 2 


_— — 


ou 
r 
— 
% 
* _ 2 


— 


— 
— 2 — 

- — - 

- 1. + * -" wm 


2» 44 << oak. 6 


490 


Of Men's Great Ignorance 


quired of ſeveral of them (as well Dutch as Engliſh) whether they could gild gon with 


water-gold (as they call that way of gilding) by the help of quickſilver, they judged it a 
thing not to be done: and yet I know a very ingenious tradeſman, who was able to 
perform it, but not (that we may apply this experiment to our preſent purpoſe) without 
the aſſiſtance of another body, which was to perform one part before the amalgam could 
perform the other. The artificer's way was to coat (if I may fo ſpeak) the iron or ſteel 
to be gilt, with a coat of copper, to which purpoſe he uſed diſtilled liquors tempered 
with other ingredients, wherein the iron was to be immerſed with great warineſs and 
dexterity; for otherwiſe, not only the trial would not ſucceed, but oftentimes the iron 
would be ſpoiled. To obviate which inconveniencies, there occurred another way of 
caling the iron with copper, namely, by diſſolving very good vitriol, that has cop 
in it (for it is not every vitriol, that is fit for the purpole) in warm water, till the liquor 
be ſatiated with vitriol, and immerſing ſeveral times into this ſolution the iron, firſt 
ſcoured till it be bright, and ſuffering it each time to dry of itſelf ; for this immerſion 
being repeated often enough, there will precipitate upon the iron enough of the cupre- 
ous parts of the diſſolved vitriol, to fill all its ſuperficial pores with particles of copper. 
So that by this ſafe, cheap, and eaſy way, having, as it were, overlaid your iron 
with copper, you may afterwards gild it as copper with the above-mentioned amalgam, 
which will adhere to copper, not to iron. 

Bur here we muſt not omit an obſervation very conſiderable to our preſent ſcope, 
namely, that though the ſeveral parts of an experiment or a proceſs may in moſt caſes, 
each of them be purely phyſical, or chymical, &c. yet in divers other caſes, it may 
far more uſefully be ſo ordered, that one part of it may be phyſical, (taking here 
that term in contradiſtinction to ſubordinate parts of learning) and ſeveral, or each of 
the reſt may belong to other arts, as one may be chymical, and another ſtatical, another 
mechanical, another hydroſtatical, &c. and by ſuch a concurrence of differing parts of 
knowledge to the ſame operation or production, I doubt not that many things may 
be performed, that have not yet been attempted, nor ſo much as thought of. For he 
that has ſkill but in one of theſe ſingle parts of learning, muſt needs have his attempts 
as well as his knowledge much ſtraitened, by confining himſelf to operate by ſuch means 
and inſtruments as are within the compaſs of his own art; which, aſſiſted by others, 
may bear a good part in the performance of divers conſiderable things, which it is by 
its {elf very inſufficient to accompliſh. 

Or this we may take notice of ſome inſtances in the productions, that art and na- 
ture have preſented us with already; for not only handicraft trades, as we have formerly 
noted, do many of them aſſiſt each other in their operations, but even thoſe arts, that 
are cuunted ingenious, have ſometimes need or uſe both of the ſervice of the more me- 
chanical trades, and of mutual aſſiſtance among themſelves, The maſters of captop- 
tricks know very well what would be the properties of ſpherical, cylindrical, and other 
ſp<cula; but to procure ſuch ſpecula, you muſt have recourſe to the chymiſt, or the 
four, whoſe part it is by artificial mixtures of metals and minerals, and by mechanical 
COrLVAances, to caſt bodies, that give a more ſincere and vivid reflection, than the ſingle 
metals would do, and to give them withal that curious poliſh, for which the metalliſts 
and Cy milks are Lcholden to ſmiths, ſtone-cutters, watch-makers, or other handicrafts 
nun. 

Amorn eminent example to the ſame purpoſe may be taken from the conſideration 
of Crans uſed in churches, For to deviſe the rules of making them well, there is firſt 
reouific no ſmell Ol in the ſpeculative part or theory of mulick : next he that would 


Mac the inftrument well, mult know how to chooſe wood proper for that paper; 
(mo 
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moſt woods being unfit for it) how to ſeaſon it, and how to diſcern, whether it be duly 
ſeaſoned, and otherwiſe well conditioned, To excavate and faſhion the pipes, and other 

arts of the inſtrument, that are made of this wood, there is uſe of the turner's and 
Joiners crafts. It is often needful alſo, that the organ-maker be {killed in the effects of 
metals, and perhaps their mixtures; and the ways of caſting them, in order to the mak- 
ing of his pipes of a ſonorous matter, and to the giving them a due ſhape, and other 
deſirable qualifications. I might here borrow further inſtances from bells, lutes, harps, 
and other muſical inſtruments ; but I haſten to examples of another kind. 

He that has never ſo attentively conſidered the nature of ſalt-petre or of brimſtone 
apart, ſhall never be able to make the conſiderableſt uſes of either of them, till he {kil- 
fully aſſociate them to one another, and incorporate them into that wonderful body, 
called gun-powder, which will afford us an inſtance fit enough to explicate what we 
have been ſaying: for conſiſting of three differing ingredients, nitre, brimſtone, and 
charcoal, though neither of theſe be ſufficient, in omni genere (as they ſpeak in the 
ſchools) yet each of them is very uſeful by being ſufficient in ſuo genere, and really con- 
curs to the effect produced by them all, as you may elſewhere find more particularly 
declared, 

He muſt remain ignorant of another conſiderable uſe of ſulphur, that is unacquainted 
with ſome properties of common oil and calcined alabaſter. For artiſts have a way of 
making moulds, wherein to caſt off the impreſſion of medals, and other works emboſſed 
on metals, which, though the effects of it ſeem ſtrang: to thoſe, that know not how 
they are produced, they eaſily thus perform. They make about the emboſſed work, 
whoſe impreſſions they deſire to have, a little border or ledge of clay, to hinder the 
melted ſulphur to be poured on it from running over; then they lightly (but very 
carefully) with a pencil or feather anoint the metalline work with oil, to hinder the ſul- 
phur from adhering to it; then they melt good brimſtone in any convenient pot (which 
they cover well to prevent its taking fire) and whilſt it is hot, they pour it gently upon 
the emboſſed metal, all whoſe extances will make perfect impreſſions on the lower ſur- 
face of the thus melted brimſtone, which ought to be poured on in a conſiderable quan- 
tity, that the moulds thus made may prove the ſtrongzr. About the edge of this mould 
they make a little rim or border of clay as before; and lightly aneinting both all the 
ſurface of the mould, and the inſide of the clay with oil (which if it be too copious, is, 
as we have tried, apt to prejudice the accurateneſs of the impreſſion) they pour in by 
degrees to the thicknels of about a fourth of an inch of that mixture I formerly men- 
toned (in the eighth eſſay) to be made of recently calcined alabaſter, ſtirred and incor- 
poratec with ſuch a quantity of fair water, as may ſuffice to bring it to the conſiſtence of 
the thicker ſort of honey. And this mixture in about a quarter of an hour growing 
hard, and then being taken out of the mould (to which the oil hinders it from ſticking) 
will, if the work have been dexterouſly done, and the mixture before affuſion carefully 
freed from bubbles, perfectly exhibit the ſhape and dimenſions of the work emboſſed 
upon the metalline pattern. And by this way in a few minutes have we ſometimes caſt 
off a coin, a medal, and ſometimes too a whole landſc:p2, without any trouble, and not 
without ſome delight. | 
Aud here, Pyrophilus, let me perform what I lately intimated an intention of, by 
no. taking notice to you in this fitth ſeion of this cy (of what I had not long ſince 
oce ſion to obſerve in a former part of it, that you may oftentimes find ſuch particular 
bodies conduvive to the main eff-o of an or ion r experiment, by performing tome 
ſubordinate part or office in it, as yet may cem nothing at all or kin to the ultimate 
eſfect promitea by the vert £5 5 
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muſt be poured on, and evaporated quite away the ſecond time, and, if need be, the 
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Trar aqua fortis, that ſo greedily corrodes and devours filver and brafs, ſhould 
eminently conduce to the real ſilvering over of the latter metal by the former, is that, 
which few goldſmiths, .or even chymiſts would judge probable. And yet this fretting 
liquor performs a principal part in that ingenious way of filvering over braſs and cop. 
per, which is more applauded than known. For firſt, aqua fortis ſerves very well to 
make clean ſuch emboſſed or otherwiſe uneven pieces of metal, whoſe inequality hinders 
us from being able to cleanſe their little cavities with tripoli, or thoſe other powders 
commonly uſed to ſcour braſs : whereas if ſuch bodies be lightly waſhed over with aqua 
fortis, and immediately thrown into fair water, the foulneſs may be fretted off, and the 
work rot disfigured. And this is eſteemed the beſt way of ſcouring ſuch metalline pieces 
of work by the belt maker of mathematical inſtruments, that I have met with. And ! 
the rather mention it to you, Pyrophilus, becauſe that though it be not always requiſite 
to our experiment of ſilvering (for many pieces of brazen work may well enough be made 
clean after the ordinary manner) yet divers trials have aſſured us, that the ſcouring of 
the braſs and copper is neceſſary to the ſucceſs of this experiment ; probably, becauſe 
any greaſe or filth remaining upon the ſurface of the metal 1s ſufficient to keep out thoſe 
little parts of diſſolved ſilver, which ought to lodge themſelves fo thick in the pores of 
the metal, as to ſeem one continued ſilvered body. 

Tur remaining part of this operation may be thus performed. The metal to be 
wrought upon being made very clean, you mult diſſolve good ſilver (the finer the better) 
in aqua fortis in a broad bottomed veſſel of glaſs, or at leaſt of glazed earth; and hay- 
ing, over a chafing-diſh of coals, or with ſome ſuch heat, evaporated away all the aqua 
fortis, you mult upon the remaining dry calx pour of water five or ſix times its quan- 
tity, or as much as will be needful perfectly to diſſolve it. This water with the like 
heat muſt be forced away as the former menſtruum, and the like quantity of freſh water 


third time, toward the latter end making the fire ſo ſtrong, as to leave a perfectly dry 
calx; which, if your ſilver has been good, will be of a good white, and will by theſe 
operations be competently freed from the ſtinking and fretting ſpirits of the aqua fortis, 
Of this calx you muſt take one part, and about as much (in quantity, not in weight) 
of common ſalt, and as much of cryſtals of tartar (or at leaſt powder of good white 
rarfar) as of either of the former ingredients ; which, like this, ought to be finely beaten; 
and theſe three powders being exquiſitely mixed, you muſt plunge the ſcoured braſs, to 
be ſilvered over, into fair water; and then taking up as often as need requires, with 
your wet fingers, ſome of the newly mentioned mixture, you muſt rub it on well, till 
you find every little cavity of the metal ſufficienly ſilvered over; remembering, that if 
you would have it richly done, you muſt rub in more of the powder. And laſt of all, 
you muſt waſh well your ſilvered metal in fair water, and rub it very well and hard with 
a dry cloth, that it may appear ſmooth and bright. And this way of ſilvering, though 
it be preſently and cheaply performed without quickſilver, yet may be made to laſt ſome 
years, as experience has partly informed me, and may be caſily renewed, when the ſil- 
vering begins to decay or wear off. 

Amp here, Pyrophilus, it will not be improper to give you this advertiſcment, that 
we 011ght not to conclude, as we are very prone to do, that ſuch an uſe is not to be 
expected, or endeavoured to be obtained from ſuch a thing, becauſe we ſee the like ule 
to be made of things, that are thought to be of a quite differing nature from that we 
conſider, or perhaps quite contrary to it: for in many caſcs, as there are more ways 
than one, or even than a few, to bring to paſs a thing propoſed ; ſo among the various 


Lultrunents, that may be employed the ſame purpoſe, ſome may exceedingly differ be- 
tween 


- 
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tween themſelves as to other qualities, and yet agree in that, which is requiſite and ſuffici- 
ent for the performance of the thing deſigned. As though, for inſtance, reſin and ſal 
ar moniack be differing in colour, ſmell, taſte, weight, hardneſs, & c. though the one 
be a vegetable concrete juice, the other an aggregate of urinous, fuliginous, and marine 
ſalts; the one readily diffoluble in water, the other not diſſoluble in that liquor, but in 
oil; and though there be I know not how many other differences between them; yet 
either of them ſingle may be, and is, uſefully employed for the tinning of braſs and cop- 

--veſſels, each of them being endowed with a fitneſs to make tin ſtick to thoſe me- 
tals, as I elſewhere more particularly declare. Thus, though water, ſand, and tin, are 
bodies in other reſpects very unlike, yet the two latter are found fit to make hour- glaſſes, 
as well as the firſt ; though that alone, as is preſumed, were for many ages employed by 
the ancients for that purpoſe. | 

To the foregoing advertiſement I ſhall annex another, that may ſeem very differing 
from it, but yet is no leſs true; namely, that we are not always to ſuppoſe, that becauſe a 


natural body has ſuch an uſe on ſome occaſions, the ſame body cannot on other occaſions , 


be employed to uſes, that ſeem of a quite differing, and perhaps of an oppoſite nature. 

Tris I conceive may be done principally by theſe two ways. Firſt, by the differing 
conſtitutions of the ſeveral bodies the ſame agent works upon; as when the heat of the 
ſun melts wax and hardens clay; and the ſame ſpirit of vinegar, which on filings of 
copper will by digeſtion obtain an abominable taſte, will upon filings of lead acquire, by 
the lame way, a very great ſweetneſs: and ſpitit of falt, that will diſſolve copper and 
iron, as aqua fortis alſo does, will yet precipitate ſilver diſſolved in that menſtruum. 
And to this firſt way I ſhall ſubjoin the ſecond, which is, that ſuch a parcel of matter, 
as is wont to be conſidered as one and the ſame body, may contain in it parts of very 
difering natures, upon whoſe account its operations may be diverfitied, Thus when we 
calcine fome unripe minerals with nitre, the inflammable parts of the nitre do burn up 
and diſſipate into ſmoke the volatile and combuſtible parts of the mineral z but by vir- 
tue of the remaining alkali of the nitre, ſeveral other parts of the mineral are made 
far more fixed and capable of enduring the fire, than they were before. So ſulphur 
has in it ſome parts, that make it more readily inflammable than even nitre or oll; 
and yet it abounds with acid and vitriolate particles, that are not inflammable themielvcs, 
and much reſiſt the accenſion of flame in divers other bodies. And accordingly, though 
in matches uſed in tinder- boxes to take fire readily, the kindled brimſtone acts upon the 
livers of wood, whoſe ends were cruſted over with it, as an ordinary flame; yet tlie 
lame burning body, by virtue of its acid parts, works in another capacity, than that of 
a common flame upon ſome metals, eſpecially iron, and likewiſe upon the leaves of red 
roles, waich its fumes turn white, 

{ COULD, if it were needful, propoſe in this place ſundry other inſtances of the dif— 
ering actions of the differing parts of a body, and could likewiſe ſubjoin, other caſes, 
than J have yet mentioned, wherein bodies may be applied to uſes, that many would be 
unept to expect from them: but judging it more convenient to refcrve thoſe for other 
Placcs, clpecially in the laſt eſſay, I ſhall conclude this with the two following advertiſe- 
mens. 


Tus ſirſt is, that J have in all this diſcourſe purpoſely forborn to treat of the medi— 
cinal uſes of things, becauſe my ſcope in the volume, whereof this eflay is a part, obliged 
me lot do. But yct I am ſenſible, and would have you fo too, that hereby J have for- 
born 10 employ a multitude of particulars, that would have much carnched this treatile. 
Yor there is a great number ef bodies, both natural and factitious, that being employed 


as 
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as medicines for human bodies, have there very various and ſometimes ſeemingly repug- 
nant operations, many of which would ſerve to illuſtrate and confirm ſundry paſſages of 
this eſſay, Thus rhubarb, whether taken in ſubſtance or infuſion, does by virtue of its 
differing parts, firſt purge, and then bind. Spirit of wine taken inwardly exceedingly 
heats the body; whercas outwardly it is employed to appeale the heat cauſed by ſome 
hot humours and inflammations. Mercury taken inwardly, crude as it is, has often, 
though not always, proved an effectual and harmleſs medicine in worms, and ſome other 
diſtempers, even to children and women in labour : but the ſame mercury rarefied into 
fumes (which yet may be condenſed again into running mercury) and in that form 
taken into the body, does too often cauſe vehement and dangerous commotions in the 
Juices of the body, as exceſſive falivations, fluxes, &c. declare. And he that ſhall 
attentively conſider the various operations of that one mineral antimony, and the not 
only diffcripg, but oftentimes contrary effects, that it produces, according to the com- 
plexions and diſpoſitions of the taker's body, and the preparation of the mineral itſelf, will 
not, 1 preſume, ttick to allow me, that the medicinal uſes of things, if I had not thought 
fit to decline them in this eſſay, might have much increaſed the number of inſtances it con- 
tains; the effects of others bodies upon thoſe of men being no leſs proper inſtances of na- 
ture's ways of working, than the changes they produce, when they work only upon one 
another. 

Taz ſecond advertiſement, wherewith I ſhall conclude this eſſay, is, that though what 
I have hitherto diſcourſed, hath almoſt ſolely related to the neglected uſes of particular 
natural bodies; yet I would not have you thence take occaſion to imagine, that there are 
not other natural things, whereof divers uſes may be made, that men have hitherto either 
ignored, or overſeen, By other natural things I mean the differing ſtates of matter, or 
of bodies (ſuch as rarity and denſity, fluidity and firmneſs, putrefaction and fermentation, 
may ſeem to be) as allo the more operative qualities, ſuch as heat, cold, gravity, &c, 
the laws of local motion among the parts of matter, and the preſent fabrick of the uni- 
verſe, and eſpecially that of our terreſtrial globe and its effluviums; to which might 
be added other things in nature, that are not properly bodies in the uſual ſenſe of that 
word, but may be called things corporeal, as they belong to bodies, and entirely depend on 
them. In favour of this advertiſement it were eaſy for me to ſuggeſt to you ſuch a multi- 
tude of particulars, that reſerving ſome few for the laſt e ſſay, I here purpoſely forbear to 
mention any at all, to avoid being enticed or engaged to enter upon a ſubject that could 
not be otherwiſe than very lamely handled, without enormouſly ſwelling an eſſay, that 
coes already exceed its juſt dimenſions, 
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HE Author of the following papers ſuppoſeth his readers to have learned, either 
from the books he hath publiſhed, or from what hath been borrowed thence by 
other writers, the ſtructure and more familiar uſes of a pneumatical engine of his, men- 
tioned by ſeveral authors under the name of Machina Boyliana; with whoſe deſcription 
therefore thole are delired to acquaint themſelves, that ſhall think it worth the while to 
underſtand, as well as read, the following papers; about which it might be further 
taken notice of, that the firſt of them was indeed written to a learned friend, though his 
name be not now annexed (for certain reaſons) z preſently after which the three others 
were thought fit to be ſubjoined. As for for the omitting of the compliments and forms, 
U: ual at the cloſe of epiſtles, the author did it, as well to ſpare the reader, as himſelf; 
Who hopes he may be excuſed, if the tranſitions from one diſcourſe to another, and 
even the ſtile and method of them, be not ſo ſmooth and regular, in regard the enſuing 
writings were traced, when he was afflicted with a great fir of ſicknels, that kept him 
from to much as once reading over himſelf, what he had indited. | 
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(EVEN WITHOUT HEAT) 
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In a LEFT e 


O not imagine, Sir, that I did at all wonder to ſee you yeſternight ſo much admire, 

to hear me talk with ſo much ſeeming extravagancy about the rarefaction and con- 

denſation of the air; for I confeſs, that I did deliver ſomething on that occaſion, that 
might eaſily, at firſt ſight, appear ſo near impoſſible, as to be utterly improbable. 

Anp though you were pleaſed, even on ſuch an occaſion, to expreſs a very favourable 
epinion of my veracity, yet thinking it fit, that ſuch an obligation ſhould not divert, 
but engage me, to endeavour to juſtify you to yourſelf, by confirming what I ſaid to 
you ; I have already ſought and found among papers, many years ſince laid aſide, ſome 
that will enable me to —_ good more, than what the diffidence of my memory allowed 


find not only the originals of the rclations, whereof this paper contains copies, but that 
my engine is in good order; I am ſo far qualified to countenance a diſcourſe, wherein I 
kept ſomewhat within compaſs, that though it will perhaps coſt me much pains and 
trouble, to make extempore experiments fully equal to the incloſed ; yet if any juſt doubt 
ſhould require it, I preſume, I can make ocular proof of, at leaſt, as much as I laſt 
night told you. 

Axp now it is time, after having contrary to my cuſtom, raiſed in you a high ex- 
pectation, that I endeavour in ſome meaſure to anſwer it, which I hope I ſhall the more 
caſily do, becauſe the agreement you have often had occaſion to obſerve between the 


relations regiſtered in my adverſaria, and the phænomena of the experiments * ow 
cribe, 
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{ribe, will, I preſume, make it needleſs to perſuade you, that the enſuing trials, being 
tranſcribed thence, may be ſafely credited, Wherefore I ſhall proceed to annex them, as 
ſoon as I have preſumed a few hiſtorical lines, by way of manuduction to them. 

[7 is now many years ſince, that having a deſire to reduce the air to a degree of rare- 
faction, that appeared to be conſiderable, upon ſurer grounds than ſlight conjectures, I 
attempred to do it by the help of heat, and particularly by that of an ceolipile, which I 
have mentioned in another tract“: but finding, that the diligent Merſennus had, if 
there be no miſtake in his account, been able to rarefy air that way, full as much, or 
more than I could, I betook me to try, whether I could rot, by the ſpring of the air 
(without heat) procure a greater expanſion of it? I found (as I have long ſince elſewhere 
+ related) that in the pneumatical engine, which has been ſince called Machina Boyliana, 


could encreaſe the expanſion of air, till the body attained to about one hundred fifty 


two times its former and uſual dimenſions. But this expanſion, though it were above 
twice as great as the utmoſt procured by Mer ſennus, did not yet ſatisfy me, but put me 
(according to what I there intimate) upon another contrivance, which though put in 
practice eight or nine years ago (as the date of one of the trials may inform you) had the 
relation of its ſucceſſes laid aſide among thoſe of others, made in the ſame engine, which 
yet lie by me unpubliſhed. So that I may now proceed to give you the tranſcripts of the 
trials themſelves, as they were haſtily and inelegantly, but very faithfully, ſet down 
among my Pneumatical Collections. And this I am ready to do, as ſoon zs I have in- 
timated to you, that in that noble collection of experiments, that has about two years 
ſince appeared in publick, as the firſt-fruits of the juſtly famous Florentine Academy, I 
find, that thoſe virtuoſi had, according to their ſagacity, ſo advanced the extent of the 
air, as without the help of heat to bring the dilatation to exceed one hundred ſeventy- three 
times its former dimenſions ; and that, which made their improvement the more conſi- 


derable, and conſequently the more worthy of them, is, that they procured this great 


rarefaction, as well as I had done mine, by the air's own ſpring ; and had ſurpaſſcd, 
without the help of my engine, what I was then at firſt able ro do by the conveniencies 
that it afforded me. Whereupon, remembering what I had performed in that kind 
ſeveral years before, I ſought among my papers for the trials I had then made, and 


tound thole notes, whereof, I now, at length, think it high time to give you the pro- 
miſed copies in the following terms. 


EATERIMENT: IL 


We tcok a round glaſs-egg (as they call them) of clear metal furniſhed with a pipe, 


or ſhark, of ſome inches in JIength; this we filled with water, and conveyed both it and 
a phial with water in it, into a receiver of a convenient ſize, and by pumping the air 
out of. ir, we made the bubbles both in the egg and the phial to diſcloſe themſelves in 
great numbers; ſo as to make the liquor in the glaſs-egg ſeem to boil, and.to make all 
that was in the ſhank really to run over. When we thought the water was ſufficient] 

freed from air, which it was not quickly brought to be, we took out the glaſſes and filled 
up the pipe of the egg with water taken out of the phial, and inverted it into more of 
the lame water, in ſuch manner, that the egg was quite full, ſhank and all, excepting a 
[mall bubble of air, that we purpoſely left to gain the top of the egg ; where, the glaſs 
being tranſparent, with a pair of compaſſes we meaſured as accurately as we could, and 


tound it to be a tenth, and leſs than two centeſms of an inch. Then putting the glaſſcs 
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again into a receiver, we ſet the pump at work, and the little bubble, after a while, be. 
gan to expand itſelf, which when it had once done, it did at each ſuck ſtrangely inereaſe, 
till at length it drove all the water out of the round part of the glaſs. And leſt it 
might be objected, that it was only the ſubſiding of the water upon the withdrawing of 
the outward air, that before kept it up to the top of the glaſs, we cauſed the pumping 
to be ſo continued, till the expanded air had ſeveral times driven the water in the pipe 
of the egg, a pretty way beneath the level of the external and ſurrounding water in the 
other glaſs. This done, we let in the air by degrees, with a deſign to obſerve, what bub. 
ble we ſhould find at the top of the egg, when the water ſhould be again driven up into 
its cavity. But the expanded air had forced over ſo much water, that there remained 
not enough to fill the globulous part of the egg: wherefore we tried the experiment again, 
and when we had proceeded thus far, we compared the above-mentioned diameter of the 
ſmall bubble, with that of the ſpherical part of the glaſs, which we took with a pair of 
calliper compaſſes: and though we found it to be ſomewhat more than 20 times as 
great, yet being willing rather to disfavour than flatter the experiment, we ſuppoſed the 
two diameters to be as 1 to 20, and conſequently, ſince, as Euclid demonſtrates, the 
proportion between ſpheres is triplicate to that of the diameters, and in our caſe, the 
cube of the leſſer diameter being one, is alſo but one, the cube of 20, the greater dia- 
meter, muſt be 8000; and ſo the air «+ xg to have, by expanding itſelf, acquired a 
place 8000 times as big as it poſſeſſed before. Nor was it overſeen by us, that the glo- 
bulous part of ſuch glaſſcs as we uſed is ſcarce ever made ſpherical, But not only I, 
but Dr. Wallis, who was pleaſed to aſſiſt at the experiment, concluded, that the cavity 
of the ſhank, which the expanded air drove the water from, but which we did not 
compute, would make abundant compenſation for the two above-mentioned particulars, 
After this, for further ſatisfaction, we took water, laboriouſly freed from air, and put- 
ting it into the ſame glaſs-egg, we inverted it as before, but left not any bubble in it. 
This we did, that in caſe we could make the water ſubſide, the experiment might 
prevent a ſuſpicion, that ſome air latitant in the water might increaſe the bubble that 
was formerly left in it; having then exhauſted the receiver as much as before, and if 
we miſtook not, more, the water in the egg did not all ſubſide ; but at length, with 
obſtinate pumping, a bubble diſcloſed itſelf, and drove all the water clear out of the 
round part of the glaſs; and though by reaſon of ſome ſmall leaks, that we could not 
find or ſtop, we were not able, as before, to make the expanded air depreſs the water in 


the ſhank, beneath the ſurface of the external water, yet we wanted very little of it; 


and then out of wearineſs giving over, we found, that when the water was impelled up 
again into the egg, there was at the top of it a bubble, whoſe diameter we meaſured 
as faithfully as we could, and found it to be the diameter of the globular part of the 
glaſs, as 1 to 14; ſo that, though the little bubble had been a perfect ſphere, yet 
ſpheres being, as was lately noted, in triplicate proportions to their diameters, the bub- 
ble when expanded, muſt have been 2744 times as big as the bubble unexpanded. But 
Dr. Wallis, who will be allowed to be a very competent judge in theſe matters, obſerv- 
ing (what we all took notice of) the great thinneſs of the bubble, poſitively and con- 
ſtantly affirmed, that he could not eſtimate it to be at moſt any bigger than the third 
part of a perfect ſphere of that diameter; by which eſtimate the expanſion of the bubble 
muſt have reached to 8232 times its natural dimenſions, | 

N. B. By letting in water into the receiver, as much as it would admit, we found, 
that by reafon of ſome ſecret leak, we had not been able ſo to exhauſt it, but that there 
remained ſome air, 
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EXPERIMENT II. 


A $MALL and almoſt inconſpicuous bubble expanded itſelf, when the ambient air was June 2, 
pretty well exhauſted, to more than 10,000 times its former extent. The manner thus: 102. 


we took a ſmall bolt-head, blown by a lamp, which contained in all about 80 grains 
of water, and inverting the ſmall neck into a jar of water, it was included in the re- 
ceiver, and the ambient air being exhauſted, ſtore of bubbles roſe out of the water, and 
expanding itſelf, quickly drove all the water out of the bolt-head. Then re- admitting 
the outward air, the bolt-head was preſently almoſt filled, and all the expanded air hrunk 
into a bubble, little bigger than a ſmall pin's head; then taking the bolt-head out of the 

water, and inverting it, that the bubble might get out at the neck, we carefully filled 
it up with the water that had been freed from air, and then inverting it as before into 
the jar with water, we again included it, and after ſome exſuctions found, that there 
was gotten out of the water into the neck a very conſpicuous bubble, which, upon 
the admitting of the air, ſhrunk almoſt into an inviſible one, and aſcended into the head 
of the glaſs. Then again exhauſting the receiver very well, we found it expand itſelf, 
ſo as to fill all the capacity of the bolt-head, and to drive out almoſt all the water. 
And upon the re-admitting of the air, it again ſhrunk into a bubble, whoſe diameter (ac- 
cording to our beſt eſtimate) was not bigger than one two-and-twentieth part of the dia- 
meter of the head of the above-mentioned glaſs ; ſo that to fill the whole cavity of the 
head only, it expanded itſelf 10648 times: but becauſe it filled likewiſe the greateſt part 
of the neck, we found by weighing the water that filled that part, and the water that 
filed the head, that the capacity of that part of the neck was almoſt a third of the 
capacity of the head, being as 141 to 481 : if therefore 481, the capacity of the head, 
contained it 10648 times; 141, the capacity of the neck, muſt contain it 3121 42 


. 2 ONE 
times; ſo that in all, the ſmall bubble of air was expanded to above 1 3769 times its 


former bulk. 


Tux diameter of the ſmall bubble retracted was > of an inch. 

Tus diameter of the outſide of the head of the glaſs was 32 of an inch, 

Tre water that filled the head only weighed 60 4 grains, 

Tas water that filled the head, and as much of the neck as the air had before expanded 
itielt into, weighed 78 + grains; ſo that that part of the neck weighed 17+ grains. 

THe bolt-head itſelf weighed 15 grains. 

I MIGHT have ſet down this ſecond experiment unaccompanied either with the firſt, or 
with that I am going to ſubjoin; becauſe the expanſion produced by neither of them was, 
at leaſt by meaſure, ſo vaſt, as that produced by the trial newly mentioned: but this was 


ſo ſtupendous, that I thought it not ſo fit to preſent it to you by itſelf alone, but rather 


accompanied with other experiments, the leaſt proſperous of which produced a dilata- 
tion of air ſufficient for my preſent purpoſe, and ſuch as may not a little confirm, that 
what is recited in the ſecond experiment, was neither a lucky chance, or miſtake. And 
that may be enough for my preſent purpoſe ; for as for the little abatements, that 
dome will perhaps think fit to be made upon the ſcore of the unequal thickneſs of glaſs 
or ſome ſuch circumſtances, they are not conſiderable enough to deſerve to be now ſo- 
citouſly debated; nor to hinder the expanſion, that mult be granted from proving what 
they are alledged for: wherefo:e I will proceed to what follows. 


EXPERIMENT III. 


Vr tried this experiment again, and found a ſmall bubble, much about of an inch 
in diameter, filled not only the ball at the end of the bolt-head (which was 14 of an 
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inch in diameter) but the whole neck, which contained near as much water as the head. 
and beat down the ſurface of the water within the pipe, much below that of the water 
without the pipe. : 
Trtse experiments already found among my old papers will, I hope, without ſeeking 
for more, ſuffice to manifeſt, that the expanſion, which the air may be reduced to withour 
heat, is indeed admirable; for if we make an eſtimate of it but according to the experi- 
ment, which had the moſt moderate ſuccels, it appeared, that one ſpace poſſeſſed, though 
not adequately filled, by a portion of air, may have its air extended to ar leaſt 2744 
ſpaces equal to it; I ſay, at leaſt, becauſe very probably it was above twice as great: 
and if we make our eſtimate according to the moſt proſperous of our trials, we muſt 
allow the air to be rarefiable at leaſt 13000 times; I ſay again at leaſt, becauſe I am 
not ſure, that in that trial it was reduced (not fully, though perhaps very near) to the 
uttermoſt degree of rarefaction attainable in our engine: ſo that I preſume you will now 
grant, that I ſpoke warily and much within compaſs, when I mentioned but an expan- 
ſion from one to a thouſand. | 
. AnD now having performed the promiſe I made you, it remains only, that I take 
notice of the requeſt that you made me, about communicating theſe experiments to the 
curious. But this deſire of yours is oppoſed by no ſmall inconveniencies, that would 
reſiſt my compliance with x. For it would oblige me, by tearing out theſe papers, to 
diſmember a collection long ago in making, and wherein they were placed to be much 
otherwiſe diſpoſed of, and not only make a great gap in it, but ſtrip or deprive it of 
ſome things, that were the likelieſt to recommend it. Beſides that theſe appearing be- 
fore the reſt are odd enough to make theſe ſeem far leſs uncommon, than perhaps other- 
wiſe they would. Yet all this notwithſtanding, I find it uneaſy to refuſe what you, and 
thoſe friends that concur with you on this occaſion, deſire, that if after having once 
more peruſed theſe papers, you perſiſt in the ſame earneſtneſs you expreſſed yeſterdey, 
when you had not yet ſcen them, I ſhall not refuſe you the diſpoſal of them, both for the 
reaſon now given, and becauſe I have been' informed as well by you as by other means, 
that the rareſaction of the air is at preſent the ſubject, that buſies the diſquiſitions of 
ſeveral eminent virtuoſi, both domeſtick and foreign, to whom I pay ſo much reſpect, 
that | ſhall think it a happineſs, if it may be acceptable to them, not only becauſe it 
will be ſeaſon.ble, but becauſe, that though the engine, that moſt of the attempts were 
made in, has not been thought altogether barren, yet theſe trials will probably paſs for 
one of the leaſt inconſiderable productions of it: and theſe two ſervices I hope this ſhort 
writing may do ſeveral ingenious readers; the one, that it will invite and accuſtom them 
to take notice of, and conſider the great ſubtlety of nature, and the ſcarce imaginable 
ſmallneſs of thoſe aerial inſtruments that ſhe employs even about viſible operations: the 
other, that theſe relations will excite the more curious and piercing wits to debate, and I 
hope help them to ſolve the two problems here propoſed to them; what figures and mo- 
tions may be aſſigned to the particles of the air, to explicate it's ſo wonderful rarefiable- 
nefs, and that perhaps without quite loſing its durable ſpring, and how the air comes to be 
rarefiable ſo many times more without heat, than hitherto we have found it to be by heat. 
o which might be added, as a third, what might be reaſonably conjectured about that 
part of the cavity of an exactly cloſed glaſs, where, though the eye diſcovers no viſible 
lubſt:znce harboured in it, it appears not, that the common air does adequately fill ſo much 
as the ten thouſandth part? 


NEW 


NEW OBSERVATIONS 


ABOUT THE 


' DURATION OF THE SPRING 


EXPANDED AIR, 


(Subjoined by way of Arrzxpix to the foregoing EprsTLE.) 


\ORASMUCH as reviewing the former paper about the Rarefaction of the air, I 


took notice in the cloſe of it of an expreſſion (viz. and that perhaps without quite 
loſing its durable ſpring) which, I fear, may, to ſome readers, ſeem to need explica- 


tion; it will not be improper on this occaſion to ſubjoin ſomething by way of appendix . 


abcut it. 


FixsT then, the reaſon why, in this ſhort intimation, I thought fit to employ the 
diffdent term perhaps, was, becauſe I had not (nor yet have) been taught by trial, whe- 
ther and how far the utmoſt expanſion of the air actually produced in my engine, or 
otherwiſe procurable, and its retaining a ſenſible ſpring, are conſiſtent, I expreſs myſelf . 
thus, to inſinuate, that I thought of other inſtruments and methods, whereby the dila- 
tation of the air may not improbably be meaſured and promoted; as by making the Tor- 
ricellian experiment in a gla's with a very capacious head or globulous part, and apply- - 
ing the aerial particles, that will aſcend out of the ſubſiding mercury together with a 


Something alſo 


bubble of other air, if it be needful, to the uſe we have been ſpeaking. 
may be done to ſome purpoſe, with very fine and large fiſh-bladders z but I ſhall not 


inſiſt on theſe or the other expedierits that came into my thoughts, contenting myſelf to 
have intimated, and thereby acknowledged, that there may be other means beſides the 


Machina Boyliana, to bring air to a very great expanſion. But whether any of them 


will ſurpaſs what has been actually attained in that engine, time muſt declare; till when, | 
we ſhall be content to make uſe of the experiments it has already actually furniſhed us 


with. 


Wrrrerore to come to the ſecond or other remaining part of it; whereas in the - 
mentioning of the ſpring of the expanded air, I employed the attribute of durable, you . 


may calily gather the reaſon from what I am now going to annex. 


'I nan. 
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I xAaD obſerved, not without ſome wonder, in the enquirers into the nature of the air 
that they have not, that I know of, ſo much as attempted to diſcover, whether the ar. 
either in the utmoſt or in the intermediate degrees we can bring it to, does retain a con 
ſtant and durable elaſticity ? | 

Foa, firſt, men have not determined whether a portion of our common air beine 
exactly ſhut up in an hermetically ſealed glaſs or ſome other exactly cloſed veſſel, will 
conſtantly and uniformly, for a moderate time at leaſt, retain the degree of elaſticity it 
had when it was ſhut up; and whether it will not ſometimes vary its preſſure, as we ſee 
that the atmoſpherical (though I think upon peculiar grounds) is, by the help of our 
baroſcopes, obſerved to do? Next, it does not appear, whether included air, in caſe it 
retain an uniform elaſticity for a moderate time, will retain it for a very long one. 
Nay, whether it would not at length come not to have a weaker ſpring, but perhaps 
to have no ſenſible ſpring at all, as we ſee it happen in ſword-blades and divers other 
ſpringy bodies, which, after having ſtood too long bent, will continue fo, and loſe 
their former power of ſelf-reſtitution, as they call it. | 

TaiRDLY, men have not yet determined any thing about the degrees of the air's 
elaſticity, whether the durableneſs and uniformity, or varying of its ſtrength, may not 
depend upon the differing degree it had when it was firſt ſhut up. 

FourTHLY, much leſs have we yet attempted to diſcover, whether the ſpring of an 
incloſed portion of air may be ſometimes weakened, and ſometimes ftrengthened by the 
changes, as to gravity, of the outward atmoſpherical air, the new and full moon? To 
which I might add divers other external accidents, which, as yet, we ſcarce ſuſpect. And 
to theſe I might add ſome other doubts and enquiries that may not be impertinently ſug- 


| geſted, but here would, I fear, paſs for a digrefſion. 


_ WhrexErore [| hall proceed to tell you, that having taken notice of it, as an omiſ⸗ 
ſion among the inquirers into the nature of the air, in whoſe negligence I was too long a 
ſharer, that we have not, that I know of, ſo much as attempted to diſcover this itſelf; 
whether the air, either in the utmoſt or in the intermediate degrees of rarefaction, we 
might bring it to, would for a conſiderably long time retain its elaſticity, or at leaſt 
ſome determinate degree of it, or loſe it by determinate and regular decrements, I 
thought fit to make ſome trials about this matter, but cannot brag of the ſucceſs of my 
intentions, having been hindered either by want of inſtruments, or by removes, or by 
ſickneſs, or by unlucky accidents, or by one unwelcome thing or other, from accom- 
pliſhing what I had chiefly deſigned, and partly alſo made ſome progreſs in it; but 
yet to give you ſome hints, as well as ſome occaſion to more proſperous experiments, 
I ſhall not tick to annex, what I readily call to mind about my attempts on that occa- 
ſion, | 
I REMEMBER then, that when I firſt began to try ſomething in order to my deſign, 
being deſtitute of fit accommodations, I was fain to content myſelf, by cauſing a good 
bubble of glaſs, with a ſtem to be ſo blown at the flame of a lamp, that whillt the ball 
was yet exceeding hot, and conſcquently contained none but highly rarefied air, the ſtem 
was very nimbly clapped into the flame of a candle that was purpoſely kept ready at 
band; fo that being ſlender, it was in a trice ſealed up, and the air withia remained as 
much expanded as the great hrat it had been expoſed to had brought i: to be. This 
bubble many months after I inverted into a baſon of water, and having broken off the 
ſeal under the ſurface of it, the liquor was violently impelled into the cavity, but yet was 
not able to fill it, a conſiderable part being defended from the further aſcenſion of the 
water by the ſpring of the remaining air, which, for all the long ſtretch it had been put 
0, 


* 


of the Spring of Expanded Air. 

to, had not loſt any thing of its ſpring that we could take notice of. But this was a trial 
in which could by no means acquieſce; and therefore when I was a little more befriend- 
ed by opportunity, I tried another way, partly to give a ſomewhat pleaſing ſurprize to 
unaccuſtomed beholders, and partly, becauſe though it could not ſhew all that I deſired, 
yet it might plainly ſhew, that the air, even at a very conſiderable extenſion, would hold 
out for a conſiderable time, Wherefore leaving a very ſmall proportion of air in the 
folds of a fine limber bladder, whoſe neck was very cloſely tied, [ cauſed it to be, by 
the help of the Machina Boy liana, ſo expanded, that at length it fo dilated itſelf, as to 
ſeem to fill the whole bladder, and reduce it to the extent it had juſt before it was 
emptied z and the bladder, by a peculiar contrivance, was ſo included in another veſſel, 
th.t being protected from all intruſion of the outward air, it maintained its plump and 
tumid figure. and in that unwrinkled ſtate I ſhewed it many months ſince to ſome virtuoſi, 
now here in London, after it had continued ſo, if I miſtake not, near two years. Since 
the writing of this, I did, at length, find the newly-mentioned veſſel, and ſhewed it to 
ſome curious ſpectators, who, with me, took notice, that the included bladder, inſtead 
of being wrinkled or ſhrunk, appeared to be plump and full, as well blown bladders are 
wont to be. So that many months, perhaps a dozen, may be added to the freſhly men- 
tioned duration of the expanded air, 

Bor this way ſatisfying me neither as to ſome of the particulars I deſired my attempts 
ſhould diſcover, I deviſed a little inſtrument, whoſe contrivance, though it ſeemed very 
ſimple, promiſed, and for ſome time gave me a far more accurate account of what I 
expected. The inſtrument, if you deſire it, I can eaſily ſhew you, having lately been 
forced to make a new one, which is now by me; but it may ſuffice to tell you, that it 
is ſo framed that it is fit to diſcover, | beſides divers other things, whether, and how 
long air brought to the greateſt expanſion I could conveniently reduce it to in my engine, 
will retain its ſpring z and by what degrees or ſtages and periods of time, the decrement, 
if any be, is made? But of the iſſue of the trial made in it, I can give you but a very 
imperfect account, in regard, that, though I made it about three years ago, yet having 
left the inſtrument in a place, where it is ſo lodged, that I cannot have it without re- 
turning thither, till I ſee it again myſelf, I dare not venture to judge of the ſucceſs of 
the experiment; only this I remember, that I took no notice of any obſervable dimi- 
nution in the air's elaſticity, though it were preſſed, and, as it were, clogged with a 


weight, that one would wonder how it could, when it was ſo highly rarefied, ſupport for 
one minute “. 
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Tres is alſo another way that I contrived, wherein the air in a little portable inſtru- Poltſcripr, 


ment, which I can ſhew you, being expanded, as one may gueſs, to five or ſix hundred 
mes (perhaps a thoutand times) its wonted extent, has not only for a long time preſer- 
ved its ſpring, but ſatis fies me alſo about one of my chief queries, which was, whether 
the air, very much dilated without heat, would be conſiderably ſenſible of external heat ? 
which it plainly appears to be in this inſtrument, where, notwithſtanding the great rarity 
it has already attained and ſeems likely to preſerve, the heat of one's hand applied to the 
outlide of the veſſel has a quick and very manifeſt operation; and upon the withdrawing 
of it, the ſenſible air quickly returns to its former dimenſions, as well as temper ; ſo that 
one may employ it as a kind of weather-glaſs, and perhaps make ſome diſcoveries by long 

comparing it therewith, 
Bur hitherto I have been doing what I do not love to do, and very rarely have done, 
my mention my own experiments, that is, I have not punctually ſpecified any deter- 
l 
ave newly found out regiſtered in a looſe note, and therefore the quantities being ork 
cus 


nate quantities and proportions of the things ſpoken of; but one of my former trials 1 
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ed, I hope it may both give ſome countenance to what I have been ſaying, and vive 
ſome, though not an entire ſatisfaction about the thing itſelf. | 

Marchi:S A GLASS, as Cylindrical as we could get it blown at our lamp, and having a long ſtem 
coming out at the unſealed end, was quite filled with water and inverted into water placed 
at the bottom of a large pipe ſealed at one end, and of three or four feet in length, 
This external pipe, ſo called for diſtinction ſake, was exhauſted, till the air that diſcloſed 
itſelf in the water of the internal pipe, had drawn out the water in the cylindrical pipe a 
low as the upper part of the ſtem ; at which great expanſion of the air, the external pipe 
being ſpeedily and ſecurely cloſed by a certain contrivance, the air, thus rarefied, was kept 
ſomerimes in my own chamber, that was warmer, ſometimes in an under room ; and after 
it had been kept from firſt to laſt about eleven weeks or three months, if I miſ-remember 
not, without any other remarkable variation than that in the cold room the water aſcend. 
ed, as I gueſſed, about an eighth, or near a fourth at that part of the internal ipe; 
where the lower end of the cylinder gradually leſſened itſelf into the lender ſtem. 
Yeſterday I invited Dr. Vallis to be preſent at the breaking of the glaſs, and to favour 
me with his aſſiſtance for the better eſtimating the expanſion of the air upon the breaking 
of the cloſed apex. The water was but leiſurely (becauſe of the ſlenderneſs of the orifice 
that was made for the air to get into it) impelled up into the formerly deſerted cavity of 
the cyliader, which it filled all, ſave a little bubble, which was exceeding ſhallow. We 
made uſe of our eyes at a fit diſtance, and of compaſſcs both ordinary and calliper, to 
obtain theſe meaſures. The cylindrical part of the internal pipe was three inches in 
length, and three fifths of an inch, or leſs, in diameter on the outſide. The bubbe 
was two tenths in diameter, and about two centeſms in depth; from all which, by the 


doctorꝰ's calculation, the bubble, to the ſpace it poſſeſſed unexpanded, was as one to one 
thouſand three hundred and fifty. | 
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Is CQMPRESSION without MECHANICAL ENGINES. 


ECAUSE it is as truly as commonly ſaid, that contraria juxta ſe paſtia magis eluceſ- 
cunt, and becauſe what I am now going to interpole is little leſs than neceflary to be 
premiſed, to clear the way to what follows, and to connect the paſt writing to that which 
is to enſue ; it will not be improper to add ſomething in this place touching the conden- 
lation and compreſſion of the air, | 
And here I cannot but a little wonder, that among ſo many that have had occaſion to 
conſider the nature of cold, and the condenſation of the air by it, I have not yet met 
wich any that have had the curioſity to meaſure that condenſation; wherefore I long ſince 
attempted to do it, as I have related in another diſcourſe ; but not having that by me at 
preſent, and remembering in general that I did it in winter, when it may be objected 
that the air, being already præ- affected with the coldneſs of the ſeaſon, was not capable 
of being ſo conſiderably contracted by an additional cold, as it would be at a time of 
year when it is wont to be in a ſtate of greater laxity; I thought fit to make the experi- 
ment about the beginning of Autumn, without tying myſelf to make it with the {ame 
circumſtances that I had done before : the event of this trial I find regiſtered as follows. 
AFTER the midſt of September, on a ſun-ſhiny day, and about noon (which circum- 
ances we made choice of, that the air might be the more rare and expanded) we took 
a bolt head or round phial furniſhed with a long ſtem, and placed in a frame purpoſely 
provided, ſo that the ſtem was perpendicular to the horizon, and the globulous part 
was ſupported by ſuch a veſſel, that thorough a hole, purpoſely made at its middle, the 
ank reached downwards till the orifice of it was a little immerſed beneath the ſurface of 
a plaſs full of water, that was placed at the bottom of the frame. This done, we took 
2 good proportion of ice, and having beaten it in a mortar, and mixed with it a due 
Juaatity ot bay-ſalt, we not only laid it round about the lower part of the ball, but the 
+enct contiguous to that part, being purpoſely made with turned-up brims, we were 
tnahled to heap up the trigorifick mixture, ſo as to bury the whole globulous pait of the 
Vol. III. 3 8 glass 
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New Experiments touching Dy Condenſation 


glaſs init, and cover the very top of it therewith to a conſiderable thickneſs ; upon which 
occaſion, the air within being exceedingly refrigerated, the water, into which the ſhank 
terminated, was made to aſcend ſomewhat faſt along the cavity of the ſhank, till we 
perceived it would reach no higher, but after a while began to ſubſide again; which nick 
of time being carefully watched, we made a mark at the higheſt ſtation of the water 
and then taking out the bolt-head we filled it with water, making allowance for that ſmall 
part of the ſtem, which was immerſed at the beginning of the operation. This water 
we weighed, and found it amount to ninetcen ounces and fix drachms, then weighing ag 
much water, as ſufficed to fill the ſhank up to the mark newly mentioned, we found 
that to be one ounce and three drachms, by which number the former being divided, 
the quotient was fourteen drachms four elevenths, ſo that the proportion of the two 
quan:itics of water being as eleven to one hundred fifty-eight, the ſpace, into which 
the air was condenſed by refrigeration, was, to the ſpace it poſſeſſed in its former ſtate 
of laxity, as one hundred forty- ſeven to one hundred fifty-eight, and conſequently 
the greateſt condenſation that ſuch a time of the year and in ſuch weather, ſo high a re- 
trig-ration could bring the air to, made it loſe but of its former extent. 

N. B. Figsr, the ſtem of the glaſs ought to be of a conſiderable length, leſt by the 
great contraction made of the air in the ball by its high refiigeration, the water ſhould 
urg into the cavity of the ball itſelf, and thereby become exceeding difficult to be mea- 
ſured. | 

SECONDLY, if one would be nice, one may take notice, that the height to which the 
water aſcended in the ſtem was about two feet ; which cylinder of water, by its weight or 
tendency downward, might ſomewhat hinder the liquor from aſcending quite fo high as 
it would, and conſequently keep the condenſation of the air from appearing fully ſo great 
1 it was, but fo light a cyl. nder as that of the ſuſpended water would ſcarce be very con- 

iderable. | 

TriRDLY, when the water was aſcended near as high in the ſhank as it would 
riſe, there was obſerve in it an odd kind of ſubſultus, or riſing and falling alternatively, 
al moſt like the mercury in the Torricellian experiment, before the mercury comes to ſettle 
after its firſt ſubſidence. { But the conſideration of this phænomenon belongs not to this 
place; for which reaſon I inſiſt not on this, and forbear mentioning ſome others.] 

FovRTHLY, that though it appears not by this experiment, whether the cold thus pro- 
duced is equal to that of troſty weather in winter, and conſequently capable of contracting 
the air as much as that ſeaſon is wont to do; yet by preceding trials made with fit inſtru- 
ments, I had found, that by ſuch an application of ice and ſalt as we had made in the 
late experiment, a greater degree of cold, and that in a warmer ſeaſon, might be pro- 
duced than had been found neceſſary to make froſty weather in winter. The way of 
experimenting, for brevity ſake, I omit, but if you pleaſe you may command it. 

Bor it is not chiefly to acquaint you with the condenſation that nature uſes to make 
of air, that I have been entertaining you with theſe memorials; for that which makes it 
very pertinent to my preſent purpoſe, is, that it will ſhew you, that as to the condenſa. 
tion or compreſſion of air that 1 am to recite, though cold were employed about it, yet 
It was not really produced by cold, which could not contract the air to ſo much as ba 
that degree you will find it was reduced to by our operation, preſently to be mentioned; 
wherein the frigorifick mixture did not primarily or immediately compreſs the included 
air, but only ſo affected the water that was ſhut up within the ſame veſſel, as to make it 
well, and conſequently crowd the atrial particles into leſs room; wherefore it now fe. 
mains that we proceed to the experiment itſelf, a ſhort account of which be pleaſed to 
take in the enſuing tranſcript, | [To 


of the Air by Mere Cold. 


o convince ſome ſtrangers, we took a new glaſs bolt-head, with a neck not long, 
and-filled it ſo far with common water, that being hermetically ſealed, the liquor reacl.e 
within three inches of the top, as near as we could gueſs by meaſuring it with a ruler, 
and making an eſtimate of the ſharp end, made ſo for the conveniency of ſealing up the 
glaſs, which ſharp end we gueſſed to be about a quarter of an inch in length, then ap- 
plying ſnow and ſalt to the lower part of the bolt head, we readily drove out the water 
further and further into the neck, till at length it was got up to the baſis of the ſharp 
and conical end, where the glaſs was ſealed, and then juſt as I was looking upon it, the 
glaſs flew with a noiſe about my ears, being broke into many pieces, which argued the 
compreſſion of the air to have been very great. And Doctor Wallis, who was prelent, 
and meaſured it from time to time, deſired me to regiſter the experiment, with his eſti- 
mate of the compreſſion, which was, that the air was reduced into the fort.et 1 part of 
its former extenſion. ] | 2 

I xxow ſo great a condenſation of air will ſeem ſtrange to thoſe that have taken notice, 
that ſome of the beſt mathematicians of our age that have made ule of wind-guns, and 
other forcible engines to crowd the air into as narrow room as poſſibly they could, con- 
fels themſelves not to have been able, with all their ſtrength and induſtiy, to force the 
air into leſs than the fifteenth part of its uſual extent ; and beſides, that this was done in 
countries, where the air may * well be ſuppoſed more lax and rare than in Exgland. I 
confeſs I ſaw no trials made with wind- guns, that convinced me that the condeniation was 
ſo great as that newly ſpecified (about which Merſennus himſelf ſomewhat heſitate, 
ſceming to doubt, whether the air were indeed reſtrained into a fifteenth, or but into one 
cighth part of its former room). And he that hath obſerved and conſidered, as I have 
done, that in wind-fountains, as they call them, of glaſs, the air will ſeem to be notably 
compreſſed, whilſt, indeed, we could not find it compreſſed into much lefs than its third 
part, will be the leſs unapt to be diffident of the great things that are ſaid of the com- 
preſſion of the air; but becauſe experience has informed us, that our Engliſh air may in 
peculiar inſtruments be forcibly crowded into a tenth, twelfth, or perhaps a fifreenth parc 
of its former extent, I am content to take it for granted, what is related about the com- 
preſſion of the air, into the fifteenth part of its uſual dimenſions ; and yet our experiment 
will be a conſiderabler inſtance of the great compreſſibility, if I may ſo ſpeak of the air 
for, according to the eſtimate delivered in the foregoing narrative, our compreſſion, 
which was without mechanical inſtruments or engines, reduced' the air into the fortieth 
part of the ſpace it had lately poſſeſſed ; and how great a force is requiſite, when the air 
is once conſiderably condenſed, to ſurmount, though but a little, its great reſiſtance to 
further condenſation, may be gathered from the obſervations about the gradual renitency 


of the air to compreſſion, which we many years ſince made with mercury, and after wards Deſerce 
publiſhed in another treatiſe ; but though upon the recited grounds that great comprefion 
of the air produced by our experiment may, as I was ſay ing, teem very ſtrange. yet ir 


would not ſeem incredible, if I ſhould here borrow thoſe experiments and obe vations 
from my already publiſhed hiſtory, and ſome unpubliſhed papers about cold, that would 
countenance what I have been delivering, and eſpecially if I ſhould ſtay to communicate 
to you the way I not unſucceſsfully made uſe of, to eſtimate by weight the great force 
of the expanſion of water upon its freezing. But ſince an account of this contrivance is 
not here neceſſary, and would require more leiſure than 1 can {pare at this time, it remains 
only, that by way of corollaries from what has been hitherto delivered in this and the two 


precedent writings, we rather point at than diſcourſe of ſome obſervations that it ſuggeſted 
to us in the enſuing paper. 


* See Merſen. Phan, Pneum. Prop. 32. 
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OF THE ADMIRABLY 


DIFFERING EXTENSION 


OF THE 


SAME QUANTITY OF AIR, 


RaREFIED and CoMPRESSED. 


AVING already declared, that what I pretend to in the cloſe is but to ſet down: 

ſome obſervations that reſult from or are ſuggeſted by what hath been already deli- 
e I preſume I need not trouble you or myſelf, with any other preface to what fol- 
owS: 

THAT then, which ſeems firſt worth taking notice of, is the differing alterations that 
the air is ſubjected to by cold and heat; for whereas we could not find in this our cli- 
mate, that cold would reduce the air into near the twentieth part of its former extenſion 
by condenſation, heat would advance it to near ſeventy times its uſual laxity by rarefac- 
tion. | 

Nxxr, we may obſerve, that by engines and other artificial inſtruments, the air may 
be two or three times as much compreſſed as nature is wont to condenſe it by cold, even 
in froſty weather; and ſo on the other ſide, the air may by the intervention of art and 
inſtruments be much more rarefied and expanded, than it has been yet found to be by the 
bare application of external heat, though it were that of an intenſe fire itſelf, 

See as to FURTHERMORE, it may ſeem worth while to obſerve how much the utmoſt degree 

3 of rare faction by heat, that experiment hath ſhewn us of the air falls ſhort of the degree 

Feat, of expanſion to which it has been advanced in our pneumatical engine, the proportion 

1 inbetwixt theſe two expanſions being that of one to ſeventy or thereabout. 

Cy. Bur, perhaps, it will not be neceſſary to conclude that. the air is ſo much more rare- 

Mae. gable than compreſſible, as moſt readers will be prone to infer, by comparing the greateſt 
compreſſion and expanſion of it that are mentioned in theſe experiments; ſince, if I mi 
take not, it ought to be conſidered that the air we made our trials with, upon the ſurface 
of the earth, was not (no more than 1s the air we commonly breathe) properly in a true 
natural conſiſtence, as they ſpeak ; or, if you pleaſe, in a free and indifferent ſtate, in 
reference to rarefaction and condenſation, but was already highly compreſſed by the 
weight of the atmoſpherical pillar that leaned upon it, ſo that it had already a very ſtrong 
renitency to further compreſſion; whereas the air that was to be rarefied, had, by virtue 
of its ſpring (ſtrongly bent by the weight of the incumbent air) a ſtrong propenſion or 
tendency to dilate itſelf ; which difference I muſt content myſelf to have intimated, and 
leave you to conſider whether and how much it may alter the caſe. 

FoURTHLY, to ſome perhaps it will ſeem more fit to conſider than eaſy to reſolve, 


how, ſince the corpuſcles of the air are acknowledged to be heavy, and thoſe that F 
n 


Of the admirably Differing Extenſion, &c. 


mult be ſo wonderful thinly diſperſed in the cavity of the receiver, they come to be ſu 
ported and kept, as it were, ſwimming therein, and do not appear to ſublide by their 
own weight, the Materia ſubtilis (though the preſence of that ſhould be admitted) not 
appearing to have gravity wherewith to ſuſtain them; and the vacuum (if that be ſup- 

oſed wherever the atrial particles are not) being too near a-kin to nothing to be able to 
oppoſe their deſcent z but though ſomething may be ſuggeſted about the ſolution of this 
doubt, my haſte obliges me to leave it as ſuch. 

FirTHLY, I will not make it my buſineſs to make mention in this place of the wonder 
that may be juſtly excited in thoſe, that when they look on one of our well exhauſted re- 
ceivers, attentively conſider how ſmall a proportion the common aerial corpuſcles, which 
are very ſparingly diſperſed there, bear to the whole cavity of the veſſel, which, before 
it was exhauſted, was thought to be repleniſhed with air alone. This, I ſay, I ſhall not 
ſolicitouſly obſerve, becauſe I think I need not; for I little doubt the thing will be ob- 


ſerved and laid hold of, both by the Carięſians and Epicureans, the former of which will 


endeavour thereby to eſtabliſh the neceſſity of their Materia ſublilis, to maintain the ple- 
nitude of the world, and the circle they attribute to moving bodies z and the latter will 


here triumphantly pretend to have a more illuſtrious inſtance than ever of their vacuum 


coacervatum within the world, fince there is an impenetrable veſſel out of which it is ma- 


nifeſt, that an almoſt incredible proportion of aerial ſubſtance hath been manifeſtly made 


to iſſue ; whereas it is no ways manifeſt to any of our ſenſes, that any other body has got 
in to ſucceed in its room; wherefore leaving them to debate what it is that is contained 


in that far greateſt part of the veſſel, that the air pumped out of our receiver has deſerted, . 


I take notice, 
SIXTHLY, that to conclude with what was the main drift of this and the foregoing 
papers, we are here invited to obſerve, with wonder, the ſtupendous mutability of the 


air, as to rarity and denſity, whereby the ſame quantity of air, being ſometimes com- 
preſſed, ſometimes dilated, may change its dimenſions to a degree that ſeems almoſt to 


tranſcend the power of nature and art, and by conſequence might probably be rejected as 
incredible, if it were abruptly and nakedly propoſed ; and therefore it will be convenient 


to do, though very briefly, theſe two things. 


FIns Tr, to conſider, what we have upon experience delivered in our defence againſt the : 
learned Linus, touching the condenſation and rarefaction of the air, as it is expoſed to a . 


greater or ſmaller preſſure, without the intervention of either external heat or claborate 


engines. For from theſe experiments (that may be found in the lately mentioned de- - 


fence ®) eminent mathematicians have inferred, that one can ſcarce ſafely put determinate 


limits to the ſtupendous rarity, which the upper part of the atmoſphere, being almoſt 
totally uncotnpreſſed by incumbent particles of air, may be ſuppoſed to have by nature 


un- aſſiſted by art. 


AND this is the firſt of the two things I above defired to have taken notice of. But 


the other (which, though it be but the ſecond, is much the more conſiderable) is to con- 
fer together the ſmalleſt extent; to which we have reduced it by condenſation, and the 


greatelt, to which we have advanced it by rarefaction, after having taken notice, th.t_ 


according to the leaſt eſtimate of any recited in the foregoing experiments, the extenſion 
of the ſame air, is as 1 to 2744, or thereabouts; and if, inſtead of the moderateſt, we 
take the greateſt expanſion of the air, being (leaving out the odd hundreds to make the 
rounder number) as 13000 to 1, when the uncompreſſed. air was highly rarefied, that. 


bo Chap, V. Whoſe Title is, T 
of the Air compreſicd and dilated, 


numbery 


wo New Experiments touching the Miaſure of the Force of the Spring 
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510 Of the admirably Differing Extenſion, &c. 


number being multiplied by 40, becauſe of the fore-mentioned compreſſion of the air, 
will amount to 520000, for the number of times, by which the air at one time exceeds 
the ſame portion of air at another time; which is a difference of expanſion ſo great, that 
I hope it will keep you from thinking the title of the foregoing epiſtle, where the expan- 
ſion of the air is called admirable, immodeſt, eſpecially fince I have forborn to mention 
what probable arguments might be offered to prove it at leaſt poſſible that the induſtry of 
men, and perhaps our own, may find-means to make both the condenſation and rare. 
faction of the air to exceed the uttermoſt whereto we have yet been able to bring them. 


9 . 


Touc bing an Obſervation to be inſerted above, (Page 303) imme- 
diately after the Mark *. 


INCE the writing of this, the author chanced to find one of the lately mentioned 

inſtruments of a conſiderable bigneſs, which was preſumed to have miſcarried; and 
comparing it with a memorial made, when it was firſt completed, to keep in memory 
the heights, dimenſions, &c. of the incloſed mercury and air; we found, that in about 
ten weeks, there was not any conſiderable variation of them ; and the little ſhrinking of 
the air, which was diſcoverable by an attentive eye, was not ſuch but that it might be 
probably aſcribed to the change of the weather to a far greater coldneſs, which might be 
ſuppoſed a little (and it did but very little) to weaken the ſpring of the included air, and 
conſequently abate of its full reſiſtance to the preſſure of the mercury in the longer leg of 
the ſiphon. 
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Firſt Printed in the Philoſophical Tranſactious, Ne 74, p. 2216, 
for April the 27th, 1671. 


Friday, April 27, 1660. 


te BO UT eight of the clock in the morning there appeared a ſpot in the lower 
0 limb of the ſun, a little towards the ſouth of its æquator, which was entered 
« about n of the diameter of the ſun, itſelf being about 2, in its ſhorteſt diameter, 
* of that of the ſun; its longeſt about of the ſame. It diſappeared upon Wedneſday 
% morning, May gth, though we ſaw it the day before, about ten in the morning, to 
« be near about the ſame diſtance from the weſtward limb a little ſouth of its æquator, 
« that it firſt appeared to be from the eaſtward limb, a little ſouth alſo of its æquator. 
It ſeemed to move faſter in the middle of the ſun than towards the limb. It 


Vith a kind of duſkiſh cloud, much in this form, and in this proportion to 
— 


c the ſpot. | 

Ws firſt obſerved this very ſame ſpot, both for figure, colour, and bulk, to be 
re- entered the ſun, May 25th, when it ſeemed to be in a part of the ſame line it had 
e formerly traced ; and was entered about + of its diameter about ſeven of the clock in 
* the afternoon. At the ſame time there appeared another ſpot, which was juſt entered, 
and appeared to be entered not above 54+ part of the ſun's diameter. It appeared to 
** be longeſt towards the north and ſouth, and ſhorteſt towards the eaſt and weſt. 
* There ſeemed to be diſperſed about it divers ſmall clouds here and there.“ 

[THyzst obſervations were made, as the noble obſerver told us, with an excellent te- 
leſcope, in the preſence of divers curious and ingenious perſons, one of whom was Mr. 
Hook. And diſcourſing of thoughts he had entertained touching the effects of ſuch ſpots, 
he ſuggeſted this inquiry, whether they might not cauſe a conſiderable alteration both in 
the body of the ſun itſelf, and in our air, and the bodies in it, upon their diſſipation?] 
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Wherein are propoſed and hiſtorically illuſtrated ſome Conjectures 
about the Conſiſtence of the Matter of PxRcious SroxEs, and 
the Subjects wherein their chiefeſt Virtue reſides. 
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The PUBLISHER to the R E A D E R. 


IE philoſophy and origin of gems, as well as their uſefulneſs and virtues, will, 
I am perſuaded, be found, upon the attentive peruſal of this eſſay it elf, ſo ra- 
tionally and warily delivered therein, that there will need nothing to be ſaid in the praiſe 
of the compoſure thereof. I dare venture, notwithſtanding the noble author's modeſty, 
to preſent it to the molt critical taſte without hanging out a buſh to it. | 
ALL I have to ſay in the publiſhing thereof ſhall be the ſame that was alledged by 
the Engliſh interpreter of the learned Steno's Prodromus to an intended diſſertation of 
his concerning ſolids naturally contained within ſolids, printed the laſt year by Moſes Pil 
In Little Britain; where, in the Engliſh preface, occur paſſages to this effect, 212. 


« THAT 


Tie PUBLISHER 5 te READER. 


« Tyar the honourable author of this eſſay, before he would ſee or hear any thing 
&« of that Prodromus of Steno, did, upon occaſion, ſolemnly declare to the author of 
« that Engliſh verſion (who there proteſts that he ſpeaks it bona fide) the ſum and ſub- 
« ſtance of what is deduced at large in this tract; the manuſcript whereof the ſaid inter- 
« preter then ſaw, and received it into his cuſtody for publication; which ſum was 
« this; firſt, that the generality of tranſparent gems have been once liquid ſubſtances, 
« and many of them, whilſt they were either fluid, or at leaſt ſoft, have been imbued 
« with mineral tinctures that con-coagulated with them; whence he conceives, that 
« (jvers of the real qualities and virtues of gems may be probably derived. 

« SECONDLY, as for the opacous gems and other medical ſtones, as blood-ſtones, 
« jzſpers, magnets, emery, &c. he eſteems them to have, for the moſt part, been 
« earth (pethaps in ſome caſes very much diluted and ſoft) impregnated with the more 
« copious proportion of fine metalline or other mineral juices or particles, all which were 
« afterwards reduced into the form of ſtone by the ſupervenience (or the exalted action) 
« of ſome already inexiſtent petreſcent liquor, or petrific ſpirit, which he ſuppoſeth 
« may ſometimes aſcend in the form of ſteams; from whence may be probably 
« deduced, not only divers of the medical virtues of ſuch ſtones, but ſome of their other 
« qualities, as colour, weight, &c. and alſo explained how it may happen, what he 
& hath (which he doubts not but others have done alſo) obſerved of ſtones of another 
« kind, or marchaſites, or even vegetable and animal ſubſtances that have been found 
* incloſed in ſolid ſtones; foraſmuch as theſe ſubſtances may eaſily be conceived to have 
been lodged in the earth, whilſt it was but mineral earth or mud, and afterwards 
to have been, as it were, caſed up by the ſupervenient petrific agents that pervaded 
cc it, N 

No are theſe petreſcent liquors the only ones, to which he ſuppoſes that many 
e foſſils may owe their origin, ſince he thinks there may be both metaleſcent and minera- 
* lelcent Juices in the bowels of the earth, and that ſometimes they may there exiſt and 
operate under the ſame ſpirits and ſteams.“ 

So far the preface to that tranſlation ; which is here repeated to do right to this noble 
author, in the matter of the theory relating to the origin both of precious and other 
ſtones, Which done, I ſhall keep the cus ous reader no longer from the contentment 
which he will doubtleſs find. in the peruſal of this eſſay. 
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T HAT the ſcarcity, the luſtre, and preciouſneſs of gems have made them in all 
ages to be reckoned among the fineſt and choiceſt of nature*s productions, is 
generally granted. But whether the books that have been divulged of them be anſwer- 
able to the nobleneſs of the ſubject, ſeems not to me ſo unqueſtionable. For, as for the 
origin of gems; to ſay with Ariſtotle, towards the cloſe of his third book of Meleors, 
that a dry exhalation, Ene dv29vpiz:s (whether) fiery or firing (izvpzra) makes, among 
other foſſils, the ſeveral kinds of unfuſible ſtones; or to tell us, according to the more 
received doctrine, that gems are made of earth and water finely incorporated and har- 
dened by cold; this, I fay, is to put us off with too remote and indefinite generalities, 
and to found an explication upon principles, which are partly precarious, and partly inſvf- 
ficient, and perhaps alſo untrue. And as to the hiſtory of gems, that has been fo fabu- 
louſly delivered, that, eſpecially among the moderns, many learned men, philoſophers 
and phyſicians, have, for the ſake of ſo many improbable, and ſometimes impoſſible 
virtues that have been aſcribed to gems, been induced to deny them any virtues at all, 
It is true, that I am not altogether ſo ſevere, and that the eſteem that I find made by 
learned men of the inquiſitive Emperor Rudolfus's phyſician Boerius De Boot, makes me 
diſcriminate him and two or three modern authors, that in books profeſſedly made on 
other ſubjects, have written incidentally of ſome gems, from ſuch notoriouſly fabulous 
writers as Mizaldus, Albertus Magnus (if his name be not injured by the imputation of 
a ſpurious book) Bapiiſta Porta, Kirannides (and ſome others that I forbear to name) 
from whoſe learning one would expect more warineſs and judgment. But though, for 
reaſons elſewhere mentioned, I do not unreſervedly think that precious ſtones, eſpecially 
opacous ones, can have no medical virtues at all; yet when I conſidered how difficult it 
was to afſign any thing that is poſſible and intelligible (which I do not take a ſubſtantial 
form to be) whence their virtues may probably be derived, without giving ſome ſuch 
account of the origin of gems themſelves, as was not to be expected from the followers 
of the peripatetick, that is, the received philoſophy ; ] could not but wiſh that ſome- 
thing were attempted on that ſubject according to the principles of the Corpuſcularian. 

Tust things made me the leſs backward to comply with the curioſity of my friends, 
which put me upon the following diſcourſe, wherein I was content to try, what, without 
ranſacking the authors that had profeſſedly written de Gemmis, the conſideration of the 
ſubject to be treated of, my natural propenſity to take notice of nature's productions, 
and the trial whereto theſe conſiderations and obſervations lead me, would ſuggeſt to 
my pen. 

WHETHER my conjectures and ratiocinations be as new to others as to thoſe I chiefly 
w:ote for, it is not my part to determine; only I deſigned to ſuit my diſcourſe to the 
phenomena of nature, without being ſolicitous with whom I diſagreed or complied. 
And therefore, though it ſhould happen that ſome conjectures of mine ſhould, unknown 
to me, be coincident with the opinion of ſome claſſic writer about gems ; yet, I pre. 
ſume, the whole ſubſequent hypotheſis, and the arguments it is founded upon, Wil 
appear to have been ſuggeſted to me by the nature of the thing itſelf, and my way © 
conſidering it; not to mention, that ſometimes one may meet with a good particu'ar 


conjecture in an author that underſtands not the importance of it himſelf, and none on 
ow 
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tow to make uſe of it, but builds it on ſome ſuch fabulous relation or erroneous prin- 
ciple, as is apt to diſcredit it with wary readers, unleſs they be ſuch to whom its com- 
pliance with the opinions they have on better grounds already entertained, happen to 
recommend it. I know it may be thought ſtrange that I have been ſo very ſparing in 
the citation of thoſe authors that have writ whole books about gems ; but | have this 
to ſay for myſelf, that I had neither them, nor ſo much as my own papers about the 
origin of minerals at hand, when I writ the following eſſay, Which I was the leſs trou- 
bled at, upon two diſtinct accounts; the firſt, becauſe I remembered that ſeveral paſſages 
that | had met with about the virtues of gems, cited out of divers of thoſe authors, were 
ſuch, as 1 ſhould have much ſcrupled to vouch ; ſome of them being ſuch as I knew to 
be falle; others that I ſhrewdly ſuſpected not to be true; and others that appeared to me 
altogether incredible; and the ſecond, becauſe, to forbear tranſcribing what my friends 
might probably have met with in authors already, would beſt comply, both with their 
defires, which was to know my particular thoughts; and with my deſign, which was 

artly to ſee how far I could make out thoſe thoughts, by my own arguments and 
obſervations, aſſiſted only by ſome very few hiſtorical paſſages that I lighted on in writers 
not claſſic ; and partly, to take this occaſion to proſecute divers matters of fact relating 
to the ſubject I was treating of, which probably would otherwiſe have been quite loſt. 
And I doubted not, but it this firſt draught of my conceptions were by my friends 
thought worthy of being enlarged, it would not be difficult for me, when I ſhould come 
at my books and papers again, to enrich this tract with many hiſtories borrowed from 
famous writers; if that ſhould be thought neceſſary by perſons that were poſſibly leſs 
diffident of me than of them. In ſhort, 1 propoſed this diſcourſe but as a conjectural 
hypotheſis, wherein 1 attempted to derive the origin of gems, and one of the main 
cauſes (I do not ſay the only cauſe) of their qualities and virtues, from principles leſs 
r:mote and more intelligible than thoſe of the peripateticks ; and having delivered divers 
ovlervations and experiments of my own about the phenomena of gems, to explicate 
jome of them by intelligible principles, and illuſtrate others by reſembling things, that 
may be really obſerved in nature, or eaſily performed by at. Which way of handling 
my ſubject permitted me to hope, that, whether or no I ſhould be thought a lucky con- 
1-5urer about the ſubject I attempted, I ſhould, at leaſt, in ſome meaſure, prove a 
benefactor to what is, perhaps, preferable even to lucky conjectures themſelves, the natu- 
ral and experimental hiſtory of fuch noble ſubje&s as gems, | 
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18 HOUGH it will not perchance prove very difficult to propoſe to you my con- 
jecture about the cauſes of the virtues of precious ſtones; yet J fear it will not 
be eaſy for me to acquaint you fully with the grounds of it. For unlefs I ſhould tran- 
{cribe for you my whole diſcourſe of the origin of minerals in general (of which you 
know ſtones make a part) I cannot well lay before you all the conſiderations by which 
I have been induced to take up the conjecture or hypotheſis I am about to propound; 
and conſequently, I cannot well comply with your curioſity about gems, without either 
omitting ſeveral things which might much countenance the following diſcourſe, or pro- 
poling (without amply proving them) ſome things, that I confeſs ſeem not clear, nor 
ſome of them ſo much as probable, by their own light. But ſince you will have it ſo; 
I will, rather than diſobey you, preſent you in one diſcourſe ſeveral things concerning 
gems, whereof ſome belung to others of my little tracts about the origin of minerals 
from fluid, or at leaſt ſoft bodies; though ſome indeed were more directly written con- 
cerning gems; notwithſtanding that they were delivered not as an entire tract about 
that ſubject, but as corollaries that might be drawn from, and applications that might be 
made of, what had been in a more general way diſcourſed about the origination of ſtones 
and other minerals. And therefore preſuming that you will ſuppoſe with me in this 


diſcourſe ſome few particulars that, I think, I have elſewhere made probable, and _ 
MITES perhaps 
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perhaps do ſo from ſome of the phænomena mentioned in this writing itſclf, I would 


immediately address myſelf to the ſubject of it, if I did not think a previous admoni- 


tion very requiſite. Art 
Foa, 1 muſl, at the very entrance of this diſcourſe, deſire you to take notice, that 


when I propoſe my conjectures about the virtues of gems, I do not ſuppoſe the truth cf 
all, or ſo much as the tenth part of thoſe wonderful properties that men have been 
pleaſed to aſcribe to them. For not only ſome of the writers of natural magick, but 
men of note, who ſhould be more cautious and ſober, have delivered in their writings 
many things concerning gems, which are ſo unfit to be credited, and ſome of them 
perhaps ſo impoſſible to be true, that I hope the believers of them will, among the 
votzrics to philoſophy, be as great rarities, as gems themiclves are among ſtones. And 
thoſe that can admit ſuch unlikely fables will be as much deſpiſed by the judicious as jewels 
can be prized by the rich. 

For my part I never ſaw any great feats performed by thoſe hard and coſtly ſtones 
(as diamonds, rubies, ſapphires) that are wont to be worn in rings. But yet, becauſe 
phyſicians have for ſo many ages thought fit to receive the fragments of precious ſtones 
into ſome of their moſt celebrated cordial compoſitions ; becauſe alſo divers eminent men 
of that profeſſion, ſome of them famous writers, and ſome virtuoſt of my own acquaint- 
ance have, by their writings, or by word of mouth, informed me of very conſiderable 


eff:&s of ſome gems (eſpecially cryſtal) upon their own particular obſervations z and 


laſtly, becauſe, that (as 1 ſhall ſhew anon) I find no impoſſibility, that at leaſt ſome 
coſtly, and leſs hard (though indeed more valuable) gems, may have conſiderable ope- 


rations upon human bodies, ſome few of which J have had opportunity to be convinced 


of; I will not indiſcriminately reject all the medicinal virtues that tradition and the 


writers about precious ſtones have aſcribed to thoſe noble minerals; contenting myſelf 


to declare in a word, that ſuſpecting moſt of them to be fabulous, my conjectures aim 
only at giving one of the cauſes of thoſe virtues aſcribed to gems, which experience 
warrants to be real and true, | 
Having thus explained in what ſenſe my conjecture about the virtues of precious ſtones 
is to be underitood ; it follows, that I propoſe the conjecture or hypotheſis itſelf ; the 


ſubſtance of which may be comprized in theſe two particulars ; firſt, that many of theſe 


gems and mes ical ſtones either were once fluid bodies, as the tranſparent ones; or in 
part made up of ſuch ſubſtances as were once fluid; and ſecondly, that many of the real 
virtu2s of ſuch ſtones may be probably derived from the mixture of metalline and other 


mineral ſubſtances, which (though unſuſpeRedly) are uſually incorporated with them; 


and the greatneſs of the variety and efficacy of thoſe virtues may be attributed to ſome 


happy concurrent circumſtances of that commixture. The firſt of theſe heads relates . 
properly to the origin of gems, The ſecond, partly to that, and pattiy to the kinds ard 


degrees of their virtues. 


bur that any gems, efſpccially the hardeſt ſorts of them, ſhould have a later beginning + 


than that of the earth itſelf, will probably be thought to relith of a peradox ; and I doubt 


not, it will paſs with many for 4 great one, that fome of thele hardeſt of ſolid bodies - 


mould have heen once fluid ones or liquors; Wherefore I ſhall endeavour to countenance 
this hypotheſis by the following conſiderations, 


1. AND firſt the diaphaneity of diamonds, rubies, ſapphires, and many other g ms, 


agrces very well with this conjecture, and thereby ſeems to favour it. For it is not 15 
likely that bodies that were never fluid ſhould have that arrangement of their conſtituent 
parts, that is requiſite to tranſparency, as thoſe that were once in a liquid form, during 
Which it was caſy for the beams of light to make themſelves paſlages every way, and di 
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poſe the ſolid corpuſcles after the manner requiſite to the conſtitution of a tranſparent 
body. Therefore we ſee that ſilver in aqua fortis, or lead in ſpirit of vinegar, aving 
by that ſolution had their particles reduced into a fluid form, thoſe particles, though 
before opacous, are ſo diſpoſ:d of as to make, not only a diaphanous ſolution, but, if 
one pleaſes, tranſparent cryſtals, And what chymiſts uſually try with thoſe metals, 
have had the curioſity to try with ſeveral ſtones, which I may hereafter have occaſion to 
name to you. But this argument I bring rather to confirm than evince my conjecture, 

SECONDLY, the origin aſſigned to gems may be allo countenanced by the external 
figuration of divers of them. For we plainly ſee that the corpuſcles of nitre, allum, 
vitriol, and even common ſalt, being ſuffered to coagulate in the liquors they ſwam in 
before, will convene into cryſtals of curious and determinate ſhapes. And the like ] 
have tried in ſeveral metalline bodies diſſolved in ſeveral menſtruums. But unlefs a con- 
creting ſtone or other like body be either ſurrounded with, or in good part contiguous 
to a fluid, it is not eaſy to conceive how it ſhould acquire a curious angular and deter- 
minate ſhape. For concreſcent bodies, as I may fo ſpeak, if they have not room enough 
in an ambient fluid for the moſt congruous ranging of their parts, cannot caſt themſelves 
into fine and regular ſhapes, ſuch as I ſhall preſently ſhow, that. divers gems ſeem to 
affect; but the matter they conſiſt of muſt conform to the figures of the cavity that 
contains it, and which in this caſe has not ſo much the nature of a womb as of a mold. 
And ſo we ſee, that ſaltpetre, and divers other ſalts, if the water they were diſſolved in 
he much too far boiled away before they are ſuffered to ſhoot, will, if the liquor fill the 
glaſs, ſometimes coagulate into a mals faſhioned like the inſide of the containing veſſel, 
or if a pretty quantity of liquor remains after the coagulation, that part of the nitrous 
1ma% that was reduced to be concreted next the glaſs, will have the ſhape of the internal 
ſurface of it, whatever that be; but thoſe cryſtals that are contiguous to the remaining 
I.quor, having a fluid ambient to ſhoot in, will have thoſe parts of their bodies that 
are contiguous to the liquor curiouſly formed into ſuch priſmatical ſhapes as are proper 
to nitre. 

To apply this now to gems ; that divers kinds of them have geometrical and determi- 
nate ſhapes, though it be not vulgarly obſerved, becauſe we are wont to ſee them when 
they are cut, if not alſo ſet in rings and jewels ; yet I have often had the opportunity to 
take notice of it, by having had the curioſity to look upon many of them rough as 
nature has produced them, and the good fortune to take divers of them out of their 
woints. For I remember I have taken a good number of Indian granates out of a lump 
of heterogeneous matter, whole diſtinct cavities, like fo many cells, contained ſtones, 
en ſome of whoie {eriaces you might fee triangles, parall:lograms, &c. And being 
once near the rock whence thoſe ſtones are chiefly fetched, that are commonly called 
Br ito{-Rtones, 1 remember I rid thicher and procured a workman or two to dig me up 2 
number of them, divers of which I found to be curiouſly and determinately ſhapec, 
much hike ſome cryſtals of nitre t1at I have taken pleaſure to compare with them. And 
tie ike ſigurat on I have allo obſerved in divers Corniſh diamonds, and in a fair and 
lurge one, which one, that knew not what it was, found growing, with many Icfier, in 
Ireland, and preſented me. And to let you ſee that it is not only in theſe ſofter gems 
that this curious figuration is to be met with, I ſhall add, that I found among many 
ſtonts I had, and took to be rubies (and tho'e the jewellers will tell you are exceeding 
hard) a confilerable number, waoſe ſhapzs, though not the ſame with thoſe of the Cor- 
nit an Ir: RRonzs, were yet fine and geometrical. And the like I have ob{rrved even 
in coe hardeſt of bodies, diamonds themſelves; of which remembering, that in my 


cull-ti2n of minerals, I had a pretty large one that was rough, I perceived that the od 
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rice of it conſiſted of ſeveral triangular planes which were not exactly flat, but had, as 
it were, ſmaller triangles within them, that for the moſt part met at a point, and did 
ſeem to conſtitute, as it were, a very obtuſe ſolid angle; encouraged by this, I examined 
cveral other rough diamonds, and found the moſt of them to have angular and deter- 
minate ſhapes, not unlike that newly mentioned. And having thereupon conſulted an 
expert jeweller that was alſo a traveller, though he could not name to me the ſhapes of 
the uncut diamonds he had met with ; yet he told me he generally found them to be 
ſhaped like that I ſhewed him; inſomuch, that ſuch a ſhape was a mark, by which he 
uſually judged a ſtone to be a right diamond, it he had not the opportunity to examine 
it by the hardne!s. 2 
Anp this I ſhall add in favour of the compariſon ] lately intimated betwixt the coagu- 
lation of petre and that of gems, that having once made an odd menſtruum, wherein I 
was able to diſſolve ſome precious ſtones, there ſhot in the liquor cryſtals pretty large, 
and ſo tranſparent and well-ſhaped, that they might well have paſſed for cryſtals of nitre; 
and yet, if I much miſremember not, they were inſipid. And I have divers times taken 
notice in ſuch ſtones, as the Briſtol diamonds, that though that part which may be looked 
upon as the upper part of the ſtone, were curioully ſhaped, having ſix ſmooth ſides, which 
at the top were, as it were, cut off ſloping, fo as to make (ix triangles, that terminated 
like thoſe of a pyramid in a vertex; yet that which may be looked upon as the root or 
lower part of the ſtone, was much leſs tranſparent (if not opacous) and devoid of any 
ſiguration; of which the reaſon ſeems to be, that this being the part whereby the ſtone 
athered to its womb, it was ſullied by the muddineſs of it, and reduced to conform itſelf 
to whatever ſhape the contiguous part of the cavity chanced to be of ; whereas the upper 
part of the ſtone was not only formed of the clearer part of the lapideſcent juice before 
tlie wateriſh vehicle was exhaled, but had room and opportunity to [hoot into the curious 
here belonging to its nature. And this is much more conſpicuous where many of theſe 
cryſtals grow, as it were, in cluſters out of one mineral cake or lump; as I have ſeen 
no: only in thoſe ſoft but yet tranſparent concretions, which ſome of the later mineraliſts 
(for the ancients ſeem ſcarce to have known them) call fluores, and particularly in a very 
fine mineral lump, that I had once the honour to have ſhewed me by a great prince, and 
no leſs great a virtuoſo, to whom it was then newly preſented. For this mals conſiſted 
of two flat parallel cakes, that ſeem compoſed ot a dirty kind of cryſtalline ſubſtance, 
and out of each cake there grew, towards the other, a great number of ſtones, ſome of 
which, by their coheſion, kept the two cakes together; and moſt of theſe ſtones, having 
each of them a little void ſpace about it, wherein it had room to ſhoot regularly, were 
geometrically ſhaped, and, which looked very prettily, were coloured like a German 
amethilt, And 1 have myſelf a pretty large ſtone taken up here in England by a gentle- 
man of my acquaintance, which conſiſts, as it were, of four parts; the lowermoit is a 
thin and broad fake of coarſe ſtone, only adorned here and there with very minute gli{- 
tering particles, as if they were (as probably they may be) of a mctalline nature; over 
this is ſpread another thin white, but opacous bed, which is ſo incloſed between the 
rft named bed and, the two others, that, without defacing the ſtone, I cannot well exa- 
mine it: the third conſiſts of a congeries of minute cryſtals exceedingly thick fet, which 
therefore look whitiſh, having little or no tincture of their own 3 and this part, no more 
than either of the former, is not much thicker than a barley-cora. The fourth and 
uppermoſt part, which yet ſcems in great part to be the {ame cryſtals, which, as they grow 
gber and ſpread, acquire a deeper colour, is made up of a great number of amethiits, 
ſome paler, and ſome highly tincted, which are of very diffcring figures and bigneltes, 
according (as one may gueſs) as they had conveniency to ſhoot; theſe at one end of the 
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ſtone lying in a flat bed, as it were, and ſcarce exceeding a barley- corn in length; 
whereas thoſe at the other end ſhoot up to a good height into figured cryſtals, ſome of 
them as big as the top of my little finger, and thoſe are the moſt deeply coloured, bein 

alſo of a good hardneſs, ſince I found that they would eaſily grave lines upon glaſs, 

I REMEMBER alſo, that going to viſit a famous quarry that was not very far from a ſpring 
which had ſomewhat of a petreſcent faculty in it, I caufed divers ſolid, pieces of rough and 
opacous ſtones to be broken, out of hope I had to find in them ſome finer juice coagulated 
into ſome finer ſubſtances; and accordingly I found, that in divers places, the ſolid and maſſy 
ſtone had cavities in it, within which, all about the ſides, there grew concretions, which 
by being tranſparent, like cryſtals, and very curiouſly ſhaped, ſeemed to have been ſome 
finer lap:deſcent juice, that by a kind of percolation through the ſubſtance that groſſer tone 
was made of, had at length arrived at thoſe cavities, and upon the evaporation of the 
ſuperfluous and aqueous parts, or by their being ſoaked up by the neighbouring ſtone, 
had opportunity to ſhoot into theſe fine cryſtals, which were ſo numerous, as quite to 
overlay the ſides of the cavities,” as I can ſhew you in ſome large cluſters of them that 
I brought from thence. And enquiring of an ancient digger, whether he had not ſome- 
times met with greater quantity of them? he told me that he had, and preſented me a 
great lump or maſs made up of a numerous congeries of ſoft cryſtals (but nothing ſo 
colourleſs as theſe other newly mentioned) ſticking to one another, but not any of them 
ro any part of the rock ; ſo that they ſeemed to have been haſtily coagulated in ſome 
cleft or cavity, as it were, in a mold, where meeting and mingling before concretion 
with ſome looſe particles of clay, the maſs may thereby be diſcoloured, 

Ovk argument, drawn from the figuration of tranſparent ſtones, may be much 
ſtrengthened by the coalition I have ſometimes obſerved of two or more of ſuch ſtones, 
and the congruity in the ſhape of ſome of them to the figures of thoſe parts of the others 
that were contiguous to them, and ſeemed to have been formed after them. But though 
this phenomenon be conſiderable to the ſcope of my diſcourſe, yet perceiving that I ſhall 
have occaſion to inſiſt on it hereafter, I ſhall not do it now. 

Tano, nor is it only the external figuration of theſe gems, but the internal ten. 
ture that favours our hypotheſis, ſome of them ſeeming much to imitate in their coagu- 
lation ſeveral of thoſe ſubſtances, which I have obſerved to have once been fluid. That 
common ſalt may be made up of ſmall ſaline particles, that by a convenient juxta-poſition 
may be aſſociated into great lumps, divers of which are cubically ſhaped, is an obſer- 
vation eafy enough to be made. And that ſuch coalitions of particles may conſtitute 
ſolid and conſiderably hard bodies, I have tried by breaking ſome of the larger cubes of 
ſal gem, and the lumps of the iſle of Mayo Talt, whereof the firſt is foſſil, the other 
marine, and both natural. I have likewiſe found by trial, that, though filver diſſolved in 
aqua furtis appears uſuully to ſhoot, if it be taken notice of, into flat and exceeding thin 
flakes; yet it is very poſſible ſo to order the coagulation, that many of theſe thin plates 
ſhall, in their convention, have their flat ſides ſo placed over one another, as to make up 
pretty large and thick cryſtals, whoſe very outſides will be finely ſhaped, as being ſome 
peculiar kind of vitriol, Nor are theſe the only fluid bodies, which I have reduced 10 
coagulate into conventions, of ſuch a flaky texture; wherefore I began to ſuſpect that 
divers tranſparent minerals may have the like; and in ſome diaphanous kinds of talk, 
whoſe outſides were mathema:ically figured, I found encouragement to try, whether even 
ſme gems themſelves, notwithitanding their hardneſs, might not have ſuch an internal 
figuration. Nor was I deterred by conſidering that it is taken for granted, that gems. 
are of an uniform texture, and that there muſt be a ſtrange thinneſs in the plates, that 


make up tranſparent ſtones, ſince no ſuch thing has been noted by the moſt curious * 
y 
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but men have taken it for granted, that the texture of all gems is uniform, without any 
grain or fibres, no more than there is in gold. But as to the thinneſs of the plates, I 
remember, I have ſeveral times taken pleaſure to hold a piece of good Muſcovia glaſs 
againſt the light, when it was of ſuch a thinneſs, that the ſpectators, though provoked 
to look with curious eyes, could ſcarce ſee the plate itfelf, and would by no means 


be brought to think that it was poſſible to ſplit it, till I did actually do it; and ſome- 


times I then ſubdivided it beyond even my own expectation, But to examine this con- 


jecture, I took ſome ſtones that had geometrical figures on part of their ſurfaces, 


and which I had other grounds to think to have been once fluid ſubſtances, and having 
diligently ſurveyed ſome of them which ſeemed Itkelieſt to give me ſatisfaction, I mani- 
feltly enough perceived, not only with my aſliſted, but with my naked eyes, divers pa- 
rallel commiſſures, which ſeemed plainly to be made by the contiguous edges of little 


thin plates of ſtone, that appeared to lie one over another, almoſt like the leaves of a 


book that is a little opened. | 


I REMEMBER, that holding a large and rough grizolette (as artificers call hard gems 
of a blueiſh colour, brought them from Zaf-India) againſt the light, and curiouſly ob- 
ſerving it, I have ſometimes diſcerned a grain, as they call it, in the ſtone, and was 


anſwered by a ſkilful artiſt that uſed to make ſeals of them, that ſuch ſtones would uſually- 


ſplit, according to the ductus of their grain. I will not urge, that in ſome other pre- 


cious ſtones that were cut and poliſhed, as particularly the hyacinth, and even the ſap- 
phire, by obverting them ſeveral ways to the light, I have been able to obſerve, as it 
were, commiſſures, which were ſo fine as not to hinder, or call in queſtion the intireneſs 


of the ſtone, for the lapidary's purpoſe. This, I ſay, I forbear inſiſting on, becauſe the 
phznomenon is far leſs conſiderable than what I have ſeveral times obſerved in New- 


Engliſh granates, wherein, eſpecially when they are broken, the edges and commiſſures - 
of the thin plates or flakes whereof they conſiſted, . were very eaſily diſcernible. And, to 
try whether this obſervation would hold even in the hardeſt ſtones, IJ had recourſe to a 


pretty big diamond unwrought, which being placed in a microſcope, ſhewed me the 


commiſſures of the flakes I looked for, whoſe edges were not fo exactly diſpoſed into 


a plane, but that ſome of them were ſenſibly extant like little ridges, but broad at the top 
above the level of the reſt. And theſe parallel flakes, rogether with their commiſſures, 
I could in a ſome what large diamond plainly enough diſcern, even with my unaſſiſted 
eyes. And for further ſatisfaction, I went to a couple of perſons, whereof the one was 
an eminent jeweller, and the other an artificer, whoſe trade was to cut and poliſh dia- 
monds, and they both aſſured me upon their repeated and conftant experience, and as 


a known thing in their art, that it was almoſt impoſſible (though not to break, yet) to 
ſplit diamonds, or cleave them ſmoothly croſs the grain, if I may ſo ſpeak, but not very 
difficult to do it at one ſtroke with a ſteeled tool, when once they had found out from 
what part of the ſtone, and towards what part the ſplitting inſtrument was to be im- 


pelled ; by which it is evident, that diamonds themſelves have a grain, or a flaky con- 
texture, not unlike the fiffility, as the ſchools call it, in wood; which you will eaſily 


grant to. conſiſt of aſſimilated water or juices ; which having been once fluid bodies, 
were fit to have their particles fo ranged or diſpoſed, as to conſtitute a body far more 


ealy to be cleft according to the ductus of the fibres or planes, than otherwite. And 1 


remember, that having, as I thought, obſerved in a rough diamond, which I purpoſely 
need, that the flakes, whole edges were terminated in one plane, were far enough 


rom being parallel to thoſe, whole edges compoled another plane (I ſpeak. of phyſical 
planes of the ſame ſtone) I i Ns if by ola . 5 ol 
be Vorn Pit into. two pieces, becauſe the commiſſures did probably make angles in 


* 


magined, that if this diamond were to be cleft, it would not 
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the body of the ſtone; and accordingly I learned of the ancienteſt of theſe diamond- 
cutters, that ſometimes he met with ſtones that eluded all his ſkill, and would by no 
means be ſplit like others into two parts, but, before they were cleft quite through 
would break in pieces; which was a defect in the ſtone he could not certainly foreſce. 
but was fain to learn from the unwelcome event. : 
- FovrTHLy, it ſeems not unprobable, that the colours of divers gems (for I do not 
ſay of all) are adventitious, and were imparted to them, either by ſome coloured mineral 
juice, or ſome anging mineral exhalation, whilſt the gem or medical ſtone was either in 
ſolutis principiis, or of a texture open enough to be penetrable by mineral fumes, Which 
argument's conſiderableneſs makes me hold it unfit to be lightly touched in this place; 
though I cannot diſcourſe any thing fully of it in few words, becauſe it not only ſuggeſis 
divers obſervations and other particulars, but requires alſo the mention of ſome of the 
chief of them; which therefore I ſhall now ſubjoin. 

1. And the firſt ſhall be, that many gems, not to ſay almoſt all of them, have been 
obſerved to be deprived of their colour, if having fallen, or been put into the fire they 
have lain too long there; inſomuch, that I have found it affirmed upon the teſtimony of 
the learned and experienced Boetius de Boot, that all gems will loſe their colour in the 
fire, except Bohemian granates. How far this may be true, I have not had opportunity 
thoroughly to examine, But I well remember, that having purpoſely expoſed divers 
gems to the fire, though that were but moderate, and had a crucible interpoſed between 
it and them, ſome of them ſeemed to have their tincture much impaired, and others 
quite deſtroyed. But I muſt be fo free as to admoniſh you, that if theſe trials be not 
warily made, they may eaſily impoſe upon us; eſpecially if we do not conſider the nature 
and cauſe of whiteneſs. For any diaphanous body, as far as I have yet obſerved, being 
divided into a multitude of very minute parts, and conſequently acquiring a multitude of 

diſtinct ſuperficies, which do briſkly reflect the light every way outwards, will appear to have 
a white colour that will be more or leſs vivid, as the particles are more or leſs numerous, 
minute, and otherwiſe fitted to ſcatter the incident beams of light ; as you may ſee by re- 
ducing to powder fine Venice-glaſs, which will be white; and even red ink, if fo ſhaken 
or beaten as to be brought to a froth, conſiſting of many minute bubbles, will ſeem to 
have put on a whiteneſs. So that if by too haſty an ignition, or too haſty a cooling of 
the fired gems, they come to be flawed with innumerable little cracks, they may be 
thought to be made white, by having their tincture driven away, when their whitenels 
really proceeds from the multitude of choſe little laws which are ſingly unperceived ; and 
the rather, becauſe the body may ſtill retain its former ſhape or ſeeming intireneſs. To 
illuſtrate which, I have ſometimes taken pleaſure to heat a piece of cryſtal red hot in a 
crucible, and then quench it in cold water; for even when the parts did not fly or fall 
aſunder, but the body retained its former ſhape, the multitude of little cracks that were 
by this operation produced in it, made it quite loſe its tranſparency, and appear a white 
body. In making which experiment, the multitude of produced flaws may be pretty 
well diſcovered to the incredulous, if, as I have ſometimes done, the ignited cryſtal be 
warily and dexterouſly quenched, not in water, but in a very deep ſolution of cochineal 
made with ſpirit of wine, in which operation, if it be well perſormed, but not othervile, 
enough of the red particles of the ſolution will get into the cracks of the cryſtal to give 

it a pleaſing colour. | | ; 
Tinftore The other trials that I have made about the reducing of whiteneſs or paleneſs in bo- 
el coral. qies, either tranſparent, or even ſemi-diaphanous only, belonging to another paper, I 
ſnall here forbear to mention them, having already ſaid enough for my preſent purpoe 


waich:is not ſo much to affirm poſitively, that no proof at all can be drawn js po 
ope 
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ration of fire upon the colour of gems, as to make you cautious, what proofs drawn 
from thence you admit. ; 

2. Wuxk rox declining to ſay any thing more about the firſt, I ſhall now proceed 
to the next circumſtance, that belongs to our argument (which you may think to be 
more conſiderable than the former) namely, that the colours of ſeveral gems, when they 
are not deſtroyed by fire, will be altered thereby; which being a thing that happens 
to divers foſſil pigments (of which ſome I employ to tinge glaſs) and other bodies con- 
feſſedly mineral, argues a commixture of mineral ſubſtances in thoſe ſtones, whoſe colour 
receives ſome of the alterations I ſpeak of : which laſt words I add, becauſe I would not 
impoſe upon you, by concealing, that there may be a great change of colour produced 
by the fire, without any alteration of the tinging parts as ſuch. For by flawing the 
heated gem in very many parts, a degree of whiteneſs or paleneſs emerging thereupon 
may ſomewhat change the former colour. But this alteration being but a kind of dilu- 
tion is not that, which I here mean. For I remember, I have taken Indian granates, 
and having in a crucible expoſed them to the fire, I found they had exchanged their 
reddiſ colour for a dark and dirty one, like that of iron that has been long kept in the 
air. And having taken ſome pieces of agate prettily enough adorned with waves of dif- 
fering colours, and kept them a competent time (for they ſhould not be kept too long) 
in the fire, I found, as I conjectured, that the greateſt part of the agate ſeemed to be de- 
prived of its tincture, being reduced to a pleaſant whiteneſs. But in ſome places, where 


there were ſtains of a different kind from the reſt, and where there ran little veins, that I 


guels to be of a metalline nature, there, I ſay, the colour was not deſtroyed, but changed, 


and the veins of pigment, thus coloured, acquired a deep redneſs, which they will rerain, . 
if let alone; though I was induced to think by ſome trials made on other pieces of Indian 
agate, that even theſe metalline tinctures were not ſo fixed, but, that a laſtinger fire would 


drive them away, and leave the ſtones purely white. Such a change of colour, as I lately 
mentioned in the veins of agate, is likewiſe found in thoſe of ſome other ſtones, as alſo in 
ſome pebbles, amongſt divers of which, that loſt only their tranſparency by ignition and 


extinCtion in water, one or two acquired ſo much deeper a colour than it had before, that 


I thought it remarkable. 


— 


3. AnoTatr circumſtance, that ſeems to favour our conjecture, may be this, that. ĩt 


has been obſerved not unfrequently, that near many of the places, where coloured gems 
are found, ſome mines or veins of metals are to be met with. And I think it not un- 
likely, that if ſearch were ſk:lfully made, many more diſcoveries would be made of veins 
either of metalline ore, or ſome other mineral, liquid or- concreted, whence, .by way of 
Juices or fumes, the gems may be preſumed to have received tinctures. But uſually, 
where precious ſtones are found, men's induſtry and curioſity is too much confined to 
thoſe rich minerals, and does not make them ſolicitous to look after inferior ones. Be- 
ſides that in Eaſt India, whoſe countries are beſt for the moſt gems, they are wonder- 


— 


fully unſkilful at digging mines; as I have gathered from the aniwers of ſome, who pur- - 


poſely went to viſit the diamond mines, as they. call them. To this may be alſo re- 


ferred, that gems are ſeveral times found ia the metalline veins themſelves, or very near 
them; as I can ſhew you divers amethyſts, that an ingenious gentleman-of.my acquaint- - 


ance took. himſelf out of a piece of ground abounding with the ores of iron and tin, the 
latter of which was there plentifully dug up. And. in thoſe. colder countrics,.. ſuch as 


Germany and England, where hard gems are more unfrequent, thoſe ſoſt ones, that mi- 


* 


neraliſts call fluores, are often to be found in, or near metalline veins, ſo finely tincted 


by mineral juices, that, were it not for their ſoftneſs, they might paſs, at leaſt amon 


moſt men, for emeralds, . rubies, ſapphires, & c. as I have been informed, not only by : 
302 ſome 
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ſome mineral writers of good credit, but alſo by cye-witneſſes, and partly by my own ob 


ſer vation. Gr 94 

4. Tur fourth circutmſtanbe, which may be alledged to the ſame purpoſe with the 
three foregoing, is, that it ſeems poſſible, from ſome gems, by menſtruums; to obtain 
tinEtures, that ſeem rather extractions, than diſſolutions, ſtrictly ſo called. I will not 
urge the chymical proceſſes, that may be met with in ſome authors to this effect; be- 
cauſe ſome circumſtances in the things, and in the writers, made me ſo far ſulpe& thoſe 
I could try (and thoſe that required undiſcovered menſtruums, as they may be true, lo, 
for aught I know, they may not) as to keep me from meddling with them. But 1 
remember, I once made a menſtruum (I ſay once, becauſe irs preparation is ſo ſubje& 
to caſualty, that I have often failed in it) which being poured upon well colouted gra- 
nates, not only not calcined, but entire, was in no long time beautified with a high and 
lovely tincture, which was admired by very ſkilful perſons, to whom I ſhewed it, be. 
cauſe the menſtruum was not more corroſive than white- wine; and which yet I there. 
tore took to be a genuine tincture, partly becauſe it was drawn in the cold, partly be. 
cauſe the liquor would not tinge itſelf by ſtanding, if no body were put in it; and partly 
becauſe it drew a tincture from antimony of a very differing colour from this we peak 
of. Nor are granates the only gems, which 1 have made the liquor work on, in the 
cold. 

5. To theſe four circumſtances I ſhall add this fifth, that ſome gems, which jewel- 
lers affirm, without ſcruple, to be rubies, ſapphires, &c. either are colourleſs, or have 
other colours, than thoſe that are wont to belong to them. That famous goldſmith 
Benvenuto Cellini, in his little Italian tract of his own profeſſion, admoniſhes his reader, 
that there are one kind of rubies, that are naturally white (and not made fo by art) which 
he proves by the degrees of hardneſs peculiar to rubies. And the ſame author elſe- 
where tells us of beryls, topazes, and amethyſts, that are white. And it ſeems, by 
what he ſays not far from that place, that the Italian jewellers did not look upon the 
tinctures of gems, as any thing near ſo eſſential to them, as they are commonly reputed, 
ſince they reckon topazes and ſapphires, whereof one is blue and the other yellow, but 
both extremely hard in compariſon of other gems than diamonds (and perhaps rubies) 
to be of the ſame ſpecies. The degree of hardneſs of rubies and ſapphires 1s oftentimes fo 
equal, that I knew an expert Engliſh jeweller, who for that only reaſon (for he knew 
not whence the difference of colour might proceed) took rubies and ſapphires to be of 
the ſame kind of ſtone. 1 

AnD that gems, referred by lapidaries to the ſame kind, may be very differingly 
tinged, is a truth, whereof I have ſeen notable inſtances in diamonds themſelves ; which 


I therefore prefer to other inſtances, becauſe the extreme hardneſs of diamonds is ſuch, 


as keeps jewellers from miſtaking any other ſtone for a true diamond, if they are per- 
mitted to put them on their rapidly moved wheels employed to cut them. Now, of 
true diamonds I have ſeen ſome, that were yellowiſh ; others, that were more yellow; 
and, among the reſt, one that was ſo perfectly yellow, that I firſt took it tor a fair 
topaz, though it were a diamond valued at near three pounds weight of gold. I have 
alſo ſeen diamonds, and thoſe rough, as they came directly out of the Indies, and were 
ſoon after bought by traders in diamonds for ſuch, which were either bluciſh or greeniſh, 
And | particularly contemplated one ſtone, which, if its ſhape and other things had 
not convinced me of the contrary, was ſo green, that 1 ſhould have taken it for an 


emerald. 


I REMEMBER I had once occaſion to buy a conſiderable number of ſmall rubies, divers 


ot which were very curiouſly ſhaped ;3 and coming to look upon the whole * 5 
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leiſurely, than my haſte would permit me when I bought it, I found in a great num- 
ber of other ſtones, one, and but one, that was devoid of any colour ; but in any other 
reſpects was ſo like the reſt, as invited me to conclude, that it would have encreaſed 
their number, but that it was coagulated and hardened before the mineral pigment had 
tinged it of the ſame colour with the reſt, In which gueſs I was confirmed, when 
having met with a gentleman, who had been in the chief places of the Eaſt- Indies, 
where rubies are found, and particularly at the river of Siam, or Pegu, near which he 
lived a good while, and where he frequently ſaw rubies taken out of the bottom of the 
water, and ſometimes took them out himlelf ; I learned of him by enquiry, that he had 
there ſeen ſeveral ſtones, each of which was partly a ruby, and partly colourleſs : and 
ſometimes in the ſame ſtone, there would be two portions of one ſort, and the third, 
though lying betwixt them, of another ; which has frequently obliged the jewellers con- 
fiderably to lefſen the bulk of ſuch ſtones, by cutting off the untincted part. And, if 
my memory do not much deceive me, I ſaw, in a great and curious prince's cabinet, 
among other rarities, a ring, in which was ſet a ſtore of a moderate bigneſs, whereot 
only one half, or thereabouts, was well tincted, the other being colourleſs. In gems, 
that are leſs precious, and not ſo tranſparent, eſpecially in agates, and in opacous gems, I 
could eaſily give a multitude of inſtances of the differingly tincted parts of the ſame en- 
tire ſtone, And I uſually wear in a ring a ſmall ſardonyx, that was once a great prince's, 
wherein there are three portions, one within another, the uppermoſt black, the middle- 
moſt of a kind of cheſnut colour, the other of a blue, almoſt like a turquois; each of 
which portions is exactly of a fine oval figure, and each of the two uttermoſt is through- 
out of a very uniform breadth as well as colour, and exactly parallel to the other. 
But it would not be here ſo proper, as it will be hereafter, to multiply inſtances of opa- 
cous gems: wherefore (having mentioned only the ſardonyx, becauſe it is not always 
opacous) I ſhall add concerning tranſparent ones, that jewellers reckon among ſapphires 
not only that ſort of azure gems, which uſually paſs for ſuch, but alſo another ſort of 
ſtones, becauſe of their ſapphirine degree of hardnets; though for their want of tincture, 


they call them white ſapphires. 


6. Tut ſixth and laſt circumſtance belonging to the foregoing argument or conſi- 
deration is this, that ſometimes one may find gems, that are partly tinted and partly 
not; as if the tinging pigment mixing with one part of the matter, whereof the ſtone 
conſiſted, whilſt it was liquid or ſoft, were not copious enough to diffuſe itſelf to the 


whole, nor to give an equal intenſe colour to all that portion that it tinges. 


It is true, 


that in ſome caſes, the diffuſion may be ſtopped by the petreſcent juices coagulating firſt 
in another part than that with which the tincture was mixed. And perhaps, in ſome 
other cales, the different colours may have belonged to differing portions of matter, 
coagulating upon or againſt each other, at different times, yet ſo as to ſeem one intire 
ſtone ; as I may have hereafter occaſion to declare. Yet fince, which ſoever of theſe 


the things before (as alſo ſince) related, theſe two particulars : 


explications be admitted, it will, if it belong not to this place, at leaſt, confirm our 
main hypotheſis (of the origin of gems from fluid or ſoft materials) I ſhall return to what 
I was ſaying about gems, partly tinted, and partly colourleſs, And having only inti- 
mated upon the by, that in ſome hard ſemidiaphanous ſtones, European and Eaſt-In- 
dian, I have obſerved a very unequal and irregular diffulicn of the tincture z I thall add 
to the things, that may be gathered in favour of the propoſed conjecture from ſome of 


Tur one, that I have (as I think I elſewhere mentioned) ſeen in ILaly, among rari- 
ties, a large piece of cryſtal about the bigneſs of my two fiſts, whereof the pyramidal 
part was of a tranſparent green, the vertex being richly tinged like an emerald ; but the 
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further the colour ſpread from the vertex, the fainter and 
it came near the baſe, it was quite ſpent, if I may ſo ſpeak, leaving the bigger part of 
the ſtone tranſparent, but colourleſs, like ordinary cryſtal. And by this, rhaps, we 
may explain an expreffion of Foſephus Acoſta, where he ſays, that emeralds grow in 
ſtones like unto cryſtals z and that he had ſeen them in the ſame ſtone faſhioned like a 
vein z and they ſeem, adds he, by little and little to thicken and refine. And in the 

- fame place, this learned author has a memorable obſervation, that may confirm both 
what I have juſt now related, and what we mentioned a little above, about colourleſi 
gems : I have ſeen, ſays he, ſome that were half white and half green; others alt 
white, and ſome green and very perfect. And this is the firſt particular I was to 
mention. | 

Tut other is afforded me by the way I have uſed, and elſewhere deſcribed, of giving 
to pieces of rock cryſtal paſſably good tinctures by mineral fumes. And ſuppoſing the 
thus coloured pieces to be as intire ſtones, as the beholders have generally believed them, 
the inſtance will be pertinent to our purpoſe in ſpite of an objection. For though the 
colours thus given are not wont to pervade them very deep, and have their penetration 
aſſiſted by no faint degree of heat; yet it is to be conſidered on the other fide, that theſe 
pieces of cryſtal had attained their full hardneſs, and after their colouration, are cut and 
poliſhed like other cryſtals : whereas the gems, that our conjecture means, are ſuppoſed 
to have been tinged under ground, when they were yet fluid, or at leaſt ſoft, That 

Ofſubter- there are ſometimes generated in the bowels of the earth, mineral exhalations capable of 

raneal applying themſelves to the ſtones they meet with there, 1 have, in another diſcourſe, 

fires, xc. ſufficiently declared. That alſo ſome hard and ſtony ſubſtances have been actually tinged 
with ſuch mineral ſteams, I ſhall, in the ſubſequent part of this diſcourſe, have occaſion 
to take notice. And I remember too, that even in ſo hard a gem as a ſapphire, I have 
obſerved the efficacy of theſe ſubterraneal fumes ; having divers times ſeen one of thoſe 
ſtones, wherein a fine ſeal was cut, which continued ſo oddly tinged, notwithſtanding 
what had been taken off to reduce it to an exquiſite ſhape, that having inquired of a 
ſkilful perſon of my acquaintance, by whom it had been engraven, he both aſſured me, 
that he had found it of the full hardneſs of a ſapphire, and confeſſed to me, that the 
mineral fumes had ſo oddly tinged it, that in his opinion, it might, by the looks, pas 
rather for a Chalcedonian. 
Ax now, Sir, I fear I may need your pardon, for having been ſo prolix in diſcourſ- 
ing of one of the particulars belonging to our argument; to excuſe which, I have no 
other apology to make, but that I hope what hath been delivered will fcarce ſeem imper- 
tinent, and that I might eaſily have made it more tedious, if, to decline doing ſo, I had 
not purpoſely made ſome omiſſions. 

Havins then faid thus much about our fourth conſideration, I proceed now to add, in 
the fifth place, on the behalf of the hypotheſis hitherto favoured, an argument, which 
pre ſume you will not think inconſiderable; namely, that ſolid gems may include heteroge- 
neous matter in them. Several inſtances of this ſort, in opacous ſtones, I elſewhere re- 
cite upon my own obſervation ; but in tran'parent ones they are very great rarities z and 
therefore it will not, I preſume, be thought ſtrange, if I mention but a few. | 

FirsT then, on this occaſion I remember, that a very ingenious and qualified lady, 
who had accompanied her huſhand in an embaſſy to a great monarch, aſſured me, that 
ſhe brought thence, among ſeveral rich preſents and other rarities (fome whreof ſhe 
ſhewed me) a piece of cryltal, in the midſt of which there was a drop of water, which 
by its motion might be very eaſily obſerved, eſpecially when the cryftal was made to 
change its poſture. And, if my memory deceive me nut, I have, in ſome pieces 4 

rock» 


paler it grew ; ſo that, befors 
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rock-cryſtal, taken notice of things, that ſeem to argue, that ſomewhat or other was in- 
within the body of the ſtone. 
tercepted W y | WS ; 
A cux ious perſon, that traded much, and was very ſkilful, in Indian gems, particu- 
larly grizolettes, which he got from the Indies, and whereof he ſhewed me the largeſt T 
have yet ſeen, being aſked by me, whether he had ever found in them any heterogene- 
ous ſubſtance, which ſomething, I had obſerved, made me ſuſpect, that ſome of them 
miaht harbour, notwithſtanding their hardneſs ; he averred to me, that among divers 
rough ones, that were brought from the Indies, he had with wonder ſeen one, that was 
about the bigneſs of a philbert, in the ſolid ſubſtance whereof there was a cavity with a 
certain liquor in it; which, by changing the poſture of the ſtone, might be made to 
move to and fro in the cavity : and when the drop was ſettled, it was of the bigneſs of 
a round pearl, that he ſhewed me, which wanted ſomewhat of a moderate ſize for a 
neck-lace. And when he had anſwered the queſtions I propoſed him, to clear my doubts, 
he added, that this rarity made the ſtone, which was otherwiſe of a ſmall value, prized 
at an hundred pounds. And I have myſelf ſeen a monſtrous gem, if I may fo call it, 
and little leſs a rarity than the former, that an acquaintance of mine had bought (as 1 af- 
terwards learnt) from this relator z whoſe narrative about the grizolette I think the more 
credible, becauſe that having had the curioſity to break a ſtone, that was brought as 
a rarity from the Eaſt- Indies, where gems are often harboured in ſuch ſtones, I found in 
the ſolid ſubſtance of it (which was ſo hard as to ſtrike fire, like a flint, and in its little 
flakes was at leaſt ſemi-diaphanous) a cavity, wherein were coagulated very minute but 
poliſhed and cryſtalline ſtones, which ſeemed to have their points inwards z which 
argued, that there had been ſome liquor, in which theſe gliſtering particles had ſhot, 
though in proceſs of time the remaining and incoagulable of it may have been im- 
bibed by the ambient matter, if not have eſcaped thorough it, by virtue of ſome pecu- 
kar congruity of it with the pores of the ſtone. Which need not be thought impoſlible, 
ſince experience has aſſured us, that ſome ſolid ſtones, and even gems, may be, though 
ſlowly, penetrated, or have their texture altered by common water. Nor are theſe the 
only heterogeneous ſubſtances I found included in this ſtone, 
AnD if, as amber is reckoned among gems, and is ſometimes of a greater hardneſs, 
than one would expect, fo I could reckon it among true ſtones, it were eaſy for me to bor- 
row thence a great confirmation of what I have been ſaying ; and, however, it will afford 
me an illuſtration of it. For, not to mention many things, of what I elſewhere recite 
myſelf to have ſeen in amber, I have now by me a fine piece of clear and ſolid amber 
(preſented me by a perſon no leſs extraordinary than it) in which is included a large 
intire fly, in ſhape and ſize much like a graſs-hopper, but variouſly and curiouſly co- 
loured, with his wings diſplayed. | 
To theſe obſervations I ſhall add only this; that 1 have had myſelf, and ſhewn to 
others, one of that ſort of pale amethyſts, that ſome call white amethyſts; which had 
been cut, to be ſet in a ring, or turned into a ſeal, and was, like that fort of gems, fo 
hard, that I could readily cut glaſs with it, and yet in the body of this ſtone there ap- 
peared to be a conſiderable number of things, that looked juſt as if they had been hairs, 
ſome of them lying parallel, and others inclining to one another; and having contem- 
Plated them, as well by day-light as candle-light, and in divers poſitions in reference to 
the light and the eye, ſome of them ſeemed at times to be of a lovely reddiſh colour, but 
reflecting the light, as if they were well filled either with air or water: but for the 
molt part they did, as I was ſaying, ſeem to be hairs of a browniſh colour, which made 
the ſtone not a little wondered at, even by curious and ſkilful men, I leave you to 
Judge, whether it will be fit here to add, that I have ſometimes ſuſpected, that even 
in 
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in diamonds themſelves there may poſſibly be found intercepted, or mingled with $ 
pure lapideſcent ſubſtance, ſome particles of heterogeneous matter. And that in this 
fuſpicion I was ſomewhat confirmed, as by the odd clouds I had obſerved in an extraor: 
dinary diamond, and by ſome hydroſtatical, and other obſervations I made about tho 
ftones (ſome of which I found heavier than either cryſtal or white marble); ſo by m 
having purpoſely demanded of an ancient cutter of diamonds of great practice and exne. 
rience, whether he obſerved not a ſenſible difference of weight among diamonds of the 
ſame place: for to this he replied, that he had, eſpecially in thoſe that were cloudy or 
foul ; inſomuch, that ſhewing me a diamond, that ſeemed to me to be about the big- 
neſs of two ordinary peas, or leſs, he affirmed, that he ſometimes found in diamonds 
of that bigneſs about a carrat (which is by common eſtimation four grains) difference in 
point of weight. 

S1xTHLY, the laſt argument I ſhall employ to ſhew, that the matter of divers gems 
may have once been fluid, may be taken from the proofs you will meet with (in the fol. 
lowing part of this tract) of the ſecond member of our hypotheſis. For if it ſhall ap- 
pear, that ſeveral even of the tranſparent gems have metalline or other extraneous mineral 
bodies mingled with them, per minima, it will be very agreeable to reaſon to ſuppoſe, 
that ſuch a mixture was made, when the mingled bodies were in a fluid form; ſince, 
beſide that one may well aſk, how elſe the metalline corpuſcles came to be conveyed into 
ſuch compact and hard bodies as gems, it is very eaſy to conceive, if our hypotheſis'be 
admitted, and very hard otherwiſe to apprehend, how among bodies, that differ 2040 
genere, as metals and ſtones, there ſhould be made mixtures ſo exquiſite, as many of 
theſe appear to be, partly by the uniform coloration of the gem, and partly by the dia- 
phaneity retained notwithſtanding this diſperſion of mineral pigments through the whole 
mals ; and in many inſtances allo by the curious figuration, that we have lately been dif- 


courſing of. 


en 


To all the foregoing circumſtances, I can now add ſomething, that I met with, ſince 
I thought to conclude with the laſt of them, and that tends highly to the confirmation 
of our hypotheſis. In a tract, that makes part of a ſmall book freſhly publiſhed in 
French, principally to acquaint men with the ways of eftimating gems, according to 
the rates of modern jewellers, the anonymous, but curious author, takes occaſion, to 
give us, from the mouth, as he affirms,. of the famous late travellers he converſed with 
in divers places, and whoſe relations are indeed the recenteſt I have ſeen in print, an 
account of the number, and names of the places, where diamonds and rubies are found 
in the Indies; adding ſome circumſtances and particularities about the qualities of the 
foil in thoſe places, that I have not elſewhere met with. This author, then, ſpeaking 


of the firſt of thoſe three diamond-mines, which he makes to be the only ones in the 


Eaſt- Indies, having told us, that the ſtones are there found, ſome in the ground, and 
ſome in the rock, ſubjoins, that thoſe that are drawn from the rock, or the neighbour- 
ing parts, have ordinarily a good water; but for thoſe, which are drawn out of the 
ground, their * water partakes of the colour or ſoil, wherein they-are found. So that if 
the earth be clean and ſomewhat ſandy, the diamonds will be of a good water; but if 
it be fat or black, or of another colour, they will have ſome tincture of it. Nay, be 


* Que sil y a quelque ſable noir ou rouge parmi la terre, le Diamant auſſi en aura quelqu'un, p 9. 
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immediately annexes, that if there be ſome black or red ſand among the earth, the dia- 
mond will alſo have ſome grain of it. And elſewhere mentioning the ſecond mine of 
diamonds, which the natives call gems, he admoniſhes his reader, that in this, as in 
the mine of Viſapour, which is that formerly mentioned, the ſtones partake of the qua- 
lity of the ſoil where they are found; ſo that if that be boggy or moiſt, the ſtone will 
;ncline to blackneis, and if it be reddiſh, it will have an eye of that colour. Elſewhere 
he tells us, that of late years there were found in the kingdom of Golconda ſtore of dia- 
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monds, which were brought to the Nababe, or firſt miniſter of ſtate, who forbad the Page 18, 


making any further ſearch after them, finding not one in the whole number to have a'9: 


good water, all of them being black or yellow. But by the way, whereas this author Page 37. 


affirms it as a clear truth, that as gold is the heavieſt and moſt precious of metals, fo 
diamonds are the hardeſt and heavieſt of all ſtones, he muſt excuſe me, if I declare, 
that what he aſſerts agrees not with my experience, who have tried the weight of an 
uncut diamond hydroſtatically, having taken ſuch a courſe to eſtimate its ſpecifick gra- 
vity, as I find not to have been yet taken by any other, and which you will eaſily 
grant to be more exact than any other of the known ways can be. 

Tux argument that hath detained us all this while, comprized ſo great a variety of 
matter, and may, I hope, perform ſo great a part of my taſk in this diſcourſe, that 
though I ſhall not apologize for having dwelt ſo long upon ir, yet I ſhall think myſelf 
obliged to make ſome amends for my paſt prolixity, by being ſuccin& in the remain- 
ing part of this treatiſe 3 and therefore, having left off with an intimated promiſe to 
ſhew more fully, that divers gems contain metalline, or other mineral ſubſtance, in them, 
I ſhould immediately connect thoſe arguments to what hath been lately ſaid, but that I 
think it altogether requiſite, to make way for what is to follow, by firſt taking no- 
tice of a main objection that may be urged againſt the doctrine we have been pro- 

oſing. 

: Tris is taken from the figuration of ſome gems, and eſpecially the priſmatical one 
of cryſtal, and ſeems the more fit to be urged againſt us, becauſe we ourſelves have, in 
the ſecond of the above-recited arguments, given ſeveral inſtances of it. For it ſeems 
ſcarce poſſible, that ſo curious a ſhape ſhould be ſo uniformly produced in ſuch a mul- 
titude of cryſtals, great and ſmall, unleſs there were ſome ſeminal and plaſtick power to 
faſhion the matter after ſo regular and geometrical a manner. 

Bor he that ſhall attentively conſider, what I elfewhere ſay concerning the figuration 
of ſalts, and of metalline and other magiſteries diſſolved by, and concoagulated with 
ſalts, may be very much aſſiſted to diſcover the invalidity of this objection. But yet, 
becauſe I confeſs it is very ſpecious, if not important, I am content here to conſider 
it a little more particularly, | 

To this plauſible objection then I have two or three things to anſwer ; firſt, that there 
is no abſurdity to conceive, that, if there be a ſeminal and plaſtick power in mineral 
bodies, it may be harboured in liquid principles, as well as otherwiſe. For we ſee, that 
the ſeed of animals, which oftentimes, as in elephants, rhinoceroſes, &c. produces hard 
and ſolid bones, teeth, and horns, is at firſt but a liquid ſubſtance ; and the formative 
power in tome trees and their fruits does convert the alimental juice into woods, ſhells, 
and ctuer bodies very ſolid and ponderous. 

ber lecondly, I elſewhere “ ſhew, that even in the figures of alum, vitriol, and other 


ſalts, that are ſo curiouſly and geometrically ſhaped, there is no neceſſity to fly to a diſtindt 


architectonick principle; but that thoſe bodies themſelves may receive their ſhapes from 


* See the Origin of Forms and Qualities, now publiſhed by the Author. 
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the coalition of ſuch ſingly inviſible corpuſcles, as by the motion of the fluid, wherein 
they did ſwim, and by divers aſſiſtant circumſtances, are determined to ſtick together 
rather in that manner, than in another. That this may be applied alſo to other bodies 
I ſhall need to ſhew in this place, by no other inſtance than that of the ſalt, that lin 
this or ſome other paper) 1 formerly told you I made of common ſalt, only by the help 
of oil of ſulphur, or of vitriol and water. For though it be manifeſtly a factitious body 
compounded of ſalt and ſulphur, and ſuch a body, that therein the ſea - ſalt, whereof it 
was chiefly made, has had its own nature deſtroyed z yet, by reaſon of the figure of the 
reſultant corpuſcles, and their fitneſs to convene, when diſſolved in water, into curiouſly 
ſhaped bodies, this factitious ſalt, when I have rightly prepared it, did ſundry times 
ſhoot into long cryſtals with points like diamonds, that did emulate native cryſtal as well 


in the regularneſs of the ſhape, as in the tranſparency of the ſubſtance. And to make 


it the more evident, that it was partly the figure, that happened to reſult from the 
operation of the oil of vitriol upon the ſea- ſalt, and partly other circumſtances, that 
determined the ſhape of the cryſtals ; I ſhall add, that uſually, when the quality or pro- 

ortion of the oil of vitriol was other than it ſhould have been, or an error was commited 
in ſome important circumſtance or other of the operation, the ſaline concretions, though 
they did not ſhoot at all like cubes, as the ſea- ſalt, which they were made of, would 
alone have done ; yet they did not ſhoot any thing at all like rock-cryſtal, as did 
thoſe formerly mentioned; and for all this did, by reaſon of the curious ſhapes of the 
corpuſcles they conſiſted of, ſhoot into cryſtals, for the moſt part, finely figured; 
though ſometimes of one ſhape, and ſometimes of another. And that you may not 
have any ſuſpicion, as if the regular figure, which ſea-ſalt is naturally of, is any way 
neceſſary to ſuch figurations, I will- add an experiment, that I deviſed to ſhew, that 
even out of a petreſcent juice ſuch curiouſly figured bodies may be made. I took then 
ſome ſtony ſtiriz, elſewhere mentioned to have been found in caves or grottos, where 
petreſcent liquors coagulated before they have time to fall down; and having diſſolved 
them in ſpirit of verdigris, I put the clear ſolution to evaporate in a digeſdive fur. 
nace, after the ordinary manner; by which means, though I made the experiment more 
than once, I had rather a coagulated maſs, than any thing like cryſtals. Whereby you 
may learn the truth of what I was ſaying, that a concourſe of divers circumſtances may 
be requiſite to determine the figuration of conſiſtent bodies made out of fluid ones; 
ſince here, for want of time for making occurſions enough for the particles to concrete 
in after the moſt convenient manner, the experiment ſucceeded not : wherefore it being 
agreeable to my notions, that ſome ſorts of bodies may require a longer time to make 
ſuch a convention in, than others, I allowed many days to another ſolution of ſtiriz 
made in the ſame menſtruum; after which there ſhot, as I deſired, about the fides and 
bottom of the glaſs a number of diſtinct cryſtals, long, tranſparent, and curiouſly ſhape, 
moſt of which, I think, I can yet ſhew you. | 

PERHAPS it will be ſaid, that the petreſcent juice, when broken, does oftentimes appear 
to abound, within, with ſtiriæ, or narrow ſtreaks like thoſe of antimony ; and that! 
my ſelf obſerve ſome gems to be made up of thin ffakes or plates; which internal figuta- 
tion ſeems to be much more difficult to be accounted for, without a plaſtick form, than 
the external, 

I wiLL not reply to this, that, for aught I know, divers known ſalts would, when 
broken, appear to be geometrically figured, even in the leſſer corpuſcles, as well as they 
are evidently ſo in their entire bulk, if we had eyes quick enough to diſcern the ſhapes 
of the minuter, as well as of the bigger bodics. And we have great inducements to 


think, that whether or no Cartęſius do rightly make the inviſible particles, of — 
| e 
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the ſmalleſt viſible grains of ſea-ſalt are made up, to be long and rigid like ſticks; the 
minute viſible concretions, of which the bigger grains of ſalt conſiſt, are, as well as 
themſelves, of a cubical figure; I will not, I fay, inſiſt on this reply, but proceed to 
alledge, that there are divers bodies ſo luckily ſhaped, that upon a flow coalition, they 
will convene into a multitude of manifeſt concretions ; ſome of which will conſiſt of 
freaks, and other be made up of flakes ; as in the ſal armoniack commonly fold in 
the ſhops (for I ſpeak not of the native, that is ſaid to come from Armenia, ) though it 
be avowedly a factitious body, you may often obſerve, upon breaking the bigger maſſes, 
great multitudes of ſtreaks, like thoſe we may uſually obſerve in the broken ſtiriz of 
petrifying water. And I have more than once ſeen, and allo made, artificial concre- 
tions (of whoſe preparation I elſewhere ſpeak) ſome of which conſiſted of ſalts alone, and 
others of ſalts and minerals, as ſtones or antimony, which look very like talk, be- 
ing white bodies made up of a multitude of very ſlender ſtreaky particles lying long- 
ways one upon another, as in that mineral. And as I have taken out of earth many 
concretions, which, as they were for the moſt part outwardly ſhaped like rhombuſſes 
or lozenges, were compoſed of a multitude of flat and extremely thin plates; ſo | have 
ſometimes taken pleaſure to imitate ſuch concretions by art. And though a ſolution of 
ſilver in putrified aqua fortis does uſually afford only a great company of ſmall, thin, 
and ſeemingly ſimple flakes, like ſcales of fiſh, becauſe men have not any deſign like 
ours in procuring the concretion ; yet having diſſolved a good quantity of the metal 
tozether, and ſuffered it to ſhoot leiſurely, and with due circumſtances, I have obtained 
ſundry cryſtals, which both were geometrically figured without, and conſiſted of a mul- 
titude of exceeding thin flakes orderly ſticking to one another. And I remember, that 
whilſt the objection, I am anſwering, was in my thoughts, I pitched upon a yet more 
pregnant experiment for the clearing of it. For conſidering how tin-glaſs, though a 
compact and ponderous body, does naturally conſiſt of a multitude of ſhining poliſhed 
flakes (which may be eaſily perceived and diſtinguiſhed by breaking a lump of it into 
three or four pieces); I found by trial what I expected, that though a maſs of this 
mineral were beaten to powder, yet if it were melted and ſuffered to cool of itſelf, the 
diſpoſition of the component particles would determine them to ſtick to one another in 
broad and ſhining flakes, whereof many will be incumbent one upon another, and ſome 
croſs to one another at various angles, according as the matter happened in its ſeveral 
portions to be diverſely refrigerated. And ſome factitious bodies may afford us the like 
Inſtances, as I have obſerved in ſome mixtures of copper, iron, and other minerals ; 
end very conſpicuouſly in good regulus martis ſtellatus, whoſe internal configuration may 
be found by breaking it; by which way I have obſerved with pleaſure, that the regulus 
abounded with flat and ſhining flakes of an almoſt ſpecular poliſh. 

Ir it be urged, to confirm the former objection, that ſome lapideſcent juices, even of 
thoſe we mentioned in theſe diſcourſes, do concrete, even whilſt men are looking on; 
and yet our ſtony ſtiriæ, often mentioned (which probably may be alſo haſtily coagulated) 
have in ſome places a ſtreaky, and in other places an angular configuration of parts; I 
aniwer firſt, that I have ſeen divers of that kind of concretions, which, as far as the eye 
wok notice of, were made up of parts confuſedly jumbled together. And next, that 
(to conſider now thoſe whole texture is more uniform) 1 have found by trials, that, if 
there be a due diſpoſition in the component corpuſcles of bodies to ſuch configurations, 
ey may be brought to concrete accordingly in a far ſhorter time, than almoſt any, that 
have not tried, would expect, not to ſay believe. Having ſometimes, for curioſity's 
lake, warmed ſix or ſeven ounces of aqua fortis, glutted with fine ſilver, till the mix- 
ture was all brought into a tranſpaient liquor; and having then put the clear, but 
3K 2 ſtrong 
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ſtrong glaſs, that contained it, into cold water, that the menſtruum might be the more 
haſtily refrigerated, I obſerved, that when once the diſſolved metal began to ſhoot, the 
coagulation into figured cryſtals proceeded fo faſt, that a naked eye could ſee the 
grels of it. And having ſometimes put a quantity of ſalt and ſnow, or of ſome the 
ſtrongly refrigerating mixture, into a convenient glaſs, and wetted the outſide with 2 
{trong folution of ſal armoniack, or ſome urinous ſpirit, though in leſs than a minute of 
an hour it would be coagulated ; yet the ſalt, into which it ſhot, had uſually a curious 
and determinate figure, according to the nature of the liquor that afforded it; as 1 have 
often ſhewn the curious, 

PERHars you will ſay, that theſe inſtances are taken from ſaline bodies, which are, for 
the moſt part, diſpoſed to convene in ſmooth ſurfaces, and angular ſhapes, and ealy 
enough to be wrought on by the external cold; and it may yet ſeem ſtrange to philoſo- 
phers themſelves, what in ſome caſes muſt have happened, if our hypotheſis be admitted 
namely, that external circumſtances and accidents, ſuch as the figure of a mould or 
womb, the coldneſs of the ambient, &c. ſhould viſibly, and ſometimes not a little, di- 
verſify even the internal figuration of cloſe and ſolid minerals and gems, without ex- 
cluding all thoſe that are ſuppoſed to be of a quicker concretion, 

WHEREFORE, to clear this difficulty, it may not be amiſs to ſubjoin an experiment 
that I deviſed to ſhew, that if the corpuſcles of a body be ſo ſhaped, as to be fitted 
by their coalition, to conſtitute ſmooth (and if I may fo ſpeak) gloſſy planes, though 
they be variouſly ſhuffled and diſcompoſed, as to their priſtine order, yet, if they be but 
a little kept in a ſtate of fluidity, that they may the fitlier place themſelves, or be placed 
by other agents, they will preſently be . brought to convene into ſmooth and ſhining 
planes, and the ſituation of thoſe planes, in reference to one another, will be more uni- 
form and regular, than almoſt any one would expect in a concretion ſo haſtily made; 
notwithſtanding which, their internal contexture will be much diverſified by circum- 
ſtances, as particularly the figure of the veſſel or mould, wherein the fluid matter 


concretes. 


ConsIDERING then, that, according to what I noted already, if we break tin · glaſs 
(taken for the biſmuth of the ancient mineraliſts) as it is wont to be ſold in lumps in the 
ſhops, it will diſcover a great many ſmooth and bright planes, larger, or leſſer, accord- 
ing to the bigneſs of the lump; which ſometimes meet, and ſometimes croſs one ano- 
ther at very differing angles: conſidering this, I ſay, I thought it probable, that a body, 
that had already been melted, and was apt to convene into ſuch planes, not only would 
do fo upon another fuſion, but might have the order and bigneſs of thoſe planes diverſi- 
fied by the figure and capacity of the veſſel I ſhould think fit for my purpoſe. Where- 
fore, having beaten a ſufficient quantity of it to powder, and, when it was well melted, 
caſt it into a good pair of iron moulds, whoſe cavity was an inch in diameter, we had a 
bullet, which being warily broken, did, as we expected, ſeem to be, as it were, made 
up of a multitude of little ſhining planes, ſo ſhaped and placed, that they ſeemed or- 
derly to decreaſe more and more, as they were further and further removed from the 
ſuper ficies of the globe; and they were ſo ranked, that they ſeemed to conſiſt of a 
multitude of theſe rows of planes reaching every way, almoſt like ſo many radiuſes of a 
ſphere from the center or middle part to the circumference : whereas, if we melt tin- 
elaſs in a crucible, and let it cool there, the matter being taken out and broken, will ap- 
pear indeed full of ſmooth planes, but (as was lately intimated) very irregularly and con- 
tuſedly aſſociated or placed. 8 f 

I wiLL not now ſtay to enquire, whether the orderly compoſition of the planes in our 
bullet (which ſome Curious perſons, that I ſhewed it to, looked on, as a not * 
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fight) may be derived from this, that the matter was cooled firſt on the outſide, by the 
contact of the cold iron mould, and the neighbourhood of the ambient air; and that the 
coagulation being once thus begun, the parts of the remaining fluid, as they happened 
to paſs by this alrea y cooled matter, with a motion which, by reaſon of their re- 
moval from the fire, was now ſlackened, they were eaſily faftened againſt the already 
ſtable parts (as may be illuſtrated by the con! retion of diſſolved nitre and alum, both 
about the injected ſticks, and the grains, that firſt concrete againſt the ſides of the veſſel) 
and the refrigeration flill reaching further inwards, till it came laſt of all to the middle 
of the globe, that being the remoteſt part from che refrigerating agents; the appoſition 
was ſucceſſively and orderly made, till the whole matter was concreted. But (as I was 
ſaving) I muſt not now ſtay to inquire, whether the figuration of our bullet may be 
explained after this or ſome ſuch way; or whether we are not to take in ſome ſubtle or 
pervading matter, or ſome other catholick agent? For though ſuch paints may be well 
worth dilcuſſing, and we may poſlibly elſewhere ſay ſomething of them; yet here it 
may ſuffice to lay, that we have varied the foregoing trial, by caſting bullets of ſome 
other bodies (and particularly the ſimple regulus of antimony) wherein it ſucceeded well 
enough, though the produced contexture were not ſo uniform as in tin-glals. And I 
alſo tried, that having caſt melied ſulphur itſelf into a globulous body of about five or 
fix inches in diameter, and warily broken it, though one would think it an unlikely 
mineral ro make any other, than a confuſed concretion, it preſented me great fibres, 
almoſt like little ſtraws, whoſe number, and, in great part, orderly ſituation, afforded 
me a much leſs unfit inſtance for my prelent purpoſe, than one would have lightly ex- 
pected. But what I came from ſaying, may ſerve to make out what I propounded to 
myſelf; which having named already, I nced not here repeat. 

Bur one thing more there is, that may be pertinent on this occaſion, namely, that I 
have broken divers marchaſites of a peculiar ſort, that were either of a roundiſh, or of an 
almoſt cylindrical figure, to obſerve their internal ſtructure and qualifications ; where- 
upon, I found in more than one of them (for I remember not, that I did in all) a great 
many rows of little planes or gliſtering corpuſcles, reaching from the innermoſt to the 
external ſurface, and in thoſe, that were ſomewhat cylindrically ſhaped on the outſide, 
theſe ranks of gold-coloured particles in the ſeveral planes of the broken mineral ſeemed 
like ſemi-diameters iſſuing out from a row of phyſical points, conceived to be placed on 
an imaginary line, lying almoſt like the axis of a cylinder between the oppolite ends 
(though I do not well remember, how near it reached to them) ; as if the cavities of 
the chalk or clay, wherein theſ: marchaſites were found, hal made the ſoil like a mould, 
wherein the matter of the maichalite being detained, whilſt it was in a fluid form, did if 
afterwards concrete much atter the manner, that the bullets of tin-glaſs, regulus, &c. | 
did in our moulds. But the proſecution of this conjecture belongs to another diſcourte. I 

I $HALL therefore now proceed to a further anſwer to the formerly railed objection: 
wherefore, as to the exquilite uniformity of ſhape, which is ſo admired. in gems, and HAY 
1s thought to demonſtrate their being formed by a ſeminal and geometrizing principle: ; | 1%. 
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though | have, in the tecond of the above-mentioned arguments, aſcribed to them ſuch 
cu:10us figures, as argue their having been generated after the way propoſed in our hypo- 
theſis; and though allo I willingly allow their ſhapes to deſerve from us a delighttul 
wonder at the curiouſneſs of nature's, or rather her author's, workmanſhip, yer, upon 
4 more attentive ſurveying of them, I do not find the uniformity to be near ſo great as 
is wont to be imagined ; but have rather met with ſuch diverlities, as agree well with 
our hypotheſis about their figuration. | 
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In ſeveral tranſparent gems, it ſeemed manifeſt enough to me (as I lately alſo noted) 
that the ſhape was, in great part, due to the figure of the womb, or mould, wherein 


the matter, whilſt liquid or ſoft, happened to ſettle. In ſome other tranſparent and 


well figured gems of the ſame kind or denomination, and ſometimes growing very near 
one another, by a diligent inſpection I found a manifeſt and ſometimes very conſider. 
able difference in their ſhapes, either as to the number, or the figures, or the bigneſs of 
the ſides or planes, that made up the reſpective gems ; or as to two, or all, of theſe, 
comparing theſe deviating particulars with what would have been in a ſtone of that 
kind or denomination, that were perfectly figured. This I had opportunity to take 
notice of, particularly in two ſorts of ſtones ; the firſt granates, of which I had a conſider. 
able number brought me out of America growing in one lump of matter; but in 
diſtinct parts of it, and without touching one another: among which I took notice of a 
manifeſt diſparity of ſhape, and ſo I did in ſome African ones, that were preſented me; 
as alſo in others, that were European, one of which, that was of an extraordinarily large 
ſize for a figured gem of a tranſparent kind (for it weighed above eleven drachms and 
a half) I conſidered with a particular attention, and found, that though it ſeemed to have 
been coagulated in a fluid medium, and to conſiſt of twelve planes, -at the concourſe of 
two or three of which it ſeemed to have been broken off from the womb or root; yet 
it was very far from the dodecahedron of geometricians. For, whereas that conſiſts of 
twelve equilateral and æquiangled pentagons, almoſt all the planes, that made up our 
granate, were quadrilateral and very different from what regularly they ſhould have been, 
not only in magnitude, but in ſhape: for one of them ſeemed to have five ſides, and 
of the reſt, ſome were moſt of kin to a rhombus, others to a rhomboides; but the 
moſt were but little better figured, than thoſe that the geometricians call the trapezia. 
And thus much for the firſt fort of gems, whoſe ſhapes I obſerved to be not regular, 
The ſecond conſiſts of thoſe cryſtalline ſtones, which they call Corniſh diamonds, and 
which are ſome of them much harder than the Briſtol diamonds, or perhaps, than rock- 
cryſtal itſelf; it being eaſy to write upon glaſs with them. Of theſe ſtones having pro- 
cured a good number (many of which I have yet by me) I took notice, by compar- 
ing them heedfully together, that though ſome of them were geometrically and curi- 
ouſly ſhaped like rock-cryſtal, having each ſix ſides, whereof every two, that were op- 
polite, were thoroughly like and equal enough to one another; and though the ſtone had 
a pyramidal termination, made up of ſeveral reſembling and curiouſly figured planes, 
that terminated in a ſolid angle or apex ; yet the greateſt number, by much, of theſe 
titular diamonds was made up of ſtones, far from being ſo exactly and uniformly ſhaped, 
as tiioſe newly deſcribed, For though moſt of them had fix long planes; yet often- 
times the oppoſite ones (beſides that they were not ſo parallel to one another, as they 
ſhould have been) were unlike and exceeding unequal ; and thoſe planes, that were to 
make up the apex, though apart, they were uſually angular; yet being compared to 
one another, or to the regular patterns abovementioned, their figures, their bigneſſes, 
and their manner of concurring (which was ſometimes not in a point or apex, but in 2 
line) was fo remote from being uniform, that this great diverſity and irregularity agreed 
far better with our hypotheſis, than with its rival. And yet in theſe ſtones, the want of 
room to coagulare freely in, could not with probability be pretended z for they ſeemed 
to have been formed ſeparately in a fluid ambient, ſave at the bottom, where they were 
faſtened to the rock, as appeared by an opacous root, if I may ſo call it, which ſtill ac- 
hered to moſt of them. And, if I much miſremember not, I have more than once in 
diamonds, newly brought from the Indies, and ſome of them very fair ones, obſerved 


a great want of uniformity in the areas of the ſuperſicial planes, or in their gr, kg 
ch; 


3 + te, £A ae 


2 . g=7 WH = ml og reo en "BS © „ $5 Fu „ wy ob 


h 


An Eſſay about the Origin and Virtues of Gems. 


both ; and ſometimes too in the very number, as well as ſituation, of their ſolid angles 
or corners : about which I hope to recover ſome notes. And ſo [ have done with the 
firſt part of my anſwer to the abovementioned objection ; whereby it may appear, that 
there is no ſuch regular and conſtant uniformity in.the ſhapes of gems, but that their real 
likeneſs may be reconcil:d to our hypotheſis, 

Bur now in the ſecond pa.t of my anſwer, I ſhall endeavour to ſhew, that the figura- 
tion of gens may not only conſiſt vii our conjectures, but confirm them. For J have, 
more than once taken notice in the Corniſh diamonds L have been mentioning, that ſome- 
times a ſmall ſtone of che ſame kind has mad up, as it were, one body with a greater; fo as 
that the l Het ſtone did not only adhere cloſcly to the other, but was, if I may ſo ſpeak, 
ſet or vedded in it. So that when the ſeparation was made, there remained 1n the greater 
ſtone a cavity, whoſe figure did curiouſly anſwer that of as n.uch of the ſmaller ſtone, 
as cha ccd to be harbuured there. And, as ſometimes I obſerved, that there was ſuch 
an adnaſ-rency (if you wall pardon the word) of a leſſer ſtone to a much greater; ſo at 
oth r times, | met with the like of a greater to a much leſſer, with a cavity in the 
leller, an{werable to that part of the greater that had been lodged in it. Which, for 
aught I know, allows us with hign probability to conjecture, that the ſtone, to which the 
other grew, was firſt formed and Hardened ; fince it retained its own ſhape, and that, 
wiilt this remained adherent to the rock or ſoil, ſome more liquor, either, that came 
afterwards by chance into the ſame cavity, or (in caſe it were there before) that was leſs 
difpoſcd to an early concretion, began to be coagulated by faſtening itſelf againſt the 
ſolid body, that was already concreted : upon which account theſe two diamonds muſt 


ſtick cloſe together, and yet be but contiguous, and a cavity, ſuch as I freſhly mentioned, 


muſt be left in the laſt concreted gem. Which may be illuſtrated by putting into a 
ſtrong ſolution of pure nitre, or rock-alum, ſome little ſticks of wood or any folid 
body, that may be kept ſteadily in the poſture ; for you will ſee many coagulations be- 
gin to be made againſt them, and the cryſtals thus concreted will neceſſarily have their 
figures incomplete, and have in them cavities correſpondent to thoſe parts of the ſtick, 
whereto the ſaline corpulcles iaſtened themſelves. To which I ſhall only add, that though 
I have given inſtances of the adnaſcency of figured ſtones only in Corniſh diamonds, yer 
they are not the only tranſparent minerals, wherein I have been able to obſerve it. And 
particularly I remember, that I obſerved among ſome minerals, left by a goldſmith to his 
widow, a fine tranſparent and neatly figured ſtone, which ſeemed to be pure cryſtal, but 
was coagulated about a kind of branching wire, whereof a good part was incloſed by 
the ſtone, that ſeemed to grow out of a piece of ore, that looked like filver-ore, and 
which the woman, that was a curious perſon, upon the ſtrict enquiry that J made, 
armed to be, together with the above- mentioned branch, good ſilver, produced by 
nature in that form (which I thought the more credible, becauſe of the odd and almoſt 
hair-like ſhape, wherein I have ſcen ſilver-ore to have, as it were, grown); which will 
excellently agree with the reſemblance, I was ju't now propoſing, betwixt the coagula- 


von of diſſolved ſalts and the liquid matter of gems, about ſtable bodies partly immerſed 


in thole fluids. 


Tur very many circumſtances belonging to our firſt argument, and the laſt anſwered 
objection, have ſo long detained us, that I doubt, you now think it more than time [ 
ſhould advance to, and diſpatch the ſecond of thoſe grand conſiderations, whereon I at 
brit intimated our hypotheſis was founded; and this is built upon the weight of ſome 
gems, which being greater than that which ſeems to belong to them, as hard and 


tranſparent ſtones, I think we may probabiy derive it from metalline or mineral mix- 
tures, | 
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I QuesT1ON not, but as you will think this allegation new, ſo you will be apt to 


queſtion, how I come to know the truth of what I here deliver; ſince, though = 


wont to be eſtimated by lapidaries, as they weigh ſuch or ſuch a number of carrats oN 
of grains, yet they compare only the weight of this and that ſtone of the ſame king in 
reference to one another, as the greater and leſſer weight argues the greater or leſſer 
bulk, without looking after, or knowing how to diſcover the ſpecifick gravity of ſeveral 
gems, which depends not on the greater or leſſer bulk; as (if you know it not already) 
you will gather from what I am now going to relate. 

Cons1DeeinG then with myſelf, that for my purpoſe, it was requiſite to have a gem 
as free as I could get from the metalline mixtures, that I ſuſpected many precious ſtones 
to have; and remembering, that rock- cryſtal, as it is by mineraliſts reckoned amo 
gems, ſo it is hard enough, as I tried, both to cut glaſs, and to ſtrike fire; and that 
its having ſo great a tranſparency, and its being devoid of colour, makes it exceedin 
likely to be free from adventitious mixtures; I pitched upon it as the ſtandard, wher 
to make a probable eſtimate of the weight of gems; and having hydroſtatically, and 
with a tender balance examined the weight of it, firſt in the air, and then in water, | 
found its weight to be to that of water, of equal bulk, as two and almoſt two thirds to 
one: which, by the way, ſhews us, how groundleſsly many learned men, as well an- 
cient as modern, make cryſtal to be but ice extraordinarily hardened by a long and ye. 
hement cold; whereas ice is bulk for bulk lighter than water (and therefore ſwims upon 
it) and (to add that objection againſt the vulgar error) Madagaſcar and other countries 
in the torrid zone abound with cryſtal. | 

HavixnG thus found the ponderouſneſs of cryſtal in reference to water; when J 
met with a coloured gem, whoſe ſpecifick gravity I gueſſed to be ſenſibly greater, 1 
ſometimes gave myſelt the trouble (for a trouble it is) to weigh them in the air and in 
the water, and ſo diſcover, whether I conjectured aright. And if its ſpecifick gravity 
did much exceed that of cryſtal, I thought it a probable argument, that there might be 
ſome metalline or mineral corpuſcles mingled with the ſtony ones of the gems, and 
that alſo it may probably derive its tincture thence, I will not tell you, that I then 
found many ſorts of tranſparent ſtones much heavier than cryſtal : for, beſides that the 
trials were troubleſome enough to make, I chanced to fall upon them in a place, where 
J had not any ſtore and variety of gems to examine. But one inſtance among thoſe 
that occurred to me, I ſhall here ſet down, becauſe, being ſo notable, it may ſuffice to 
ſhew, that, as to ſome gems at leaſt, my opinion of their” having an adventitious gra- 
vity, and conſequently ingredient, is very probable. I had ſome American granates, 
which I had a great and peculiar reaſon to believe had been once liquid bodies, and 
therefore thought them the more worthy to be examined ; and finding their colour to be 
ſo deep, that they were almoſt opacous, and judging by my hand, that they were much 
heavier than pieces of cryſtal of the ſame bulk would be, J weighed them in a pair of 
nice icales in the air, and in the water, and found them, as I expected, to be almolt 
four times as heavy as water of the ſame bulk, and conſequently heavier by about a third 
part than pieces of cryſtal, equalling them in bigne's, weuld be. Whence fo great an 
acceſſion of ponderouſreſs proceeded, I ſhall tell you, when I come to my next argu- 
ment; to which I ſhall advance, as ſoon as I have noted, that though, when coloured 
gems have a greater gravity than cryſtal, it is a prubable argument, that they have ſome 
metalline pigment, or other mineral ſubſtance, mingled with them; yet, it ſuch gems 
have no ſuch ſurpluſage of weight, it will not follow, that their colour cannot proceed 
from any mineral tincture ; fince it is not unreaſonable to conceive, that a mineral ſub- 


ſtance may be preſent in a liquor (ſuch as the lapideſcent juice) that we ſuppoſe gems 
| 10 
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to be made of, even when it adds no manifeſt weight to the body that harbours it; ſince 
| have obſerved (what is odd) that a mineral water, which by its taſte, its effects, and 
the colour it would ſtrike, appeared to be richly impregnated with iron, being carefully 
by me examined hydroſtatically, did appear very little, if at all, ſenſibly heavier than 
common water. | 

Tas third and laſt argument, I ſhall now make uſe of, is taken from hence ; that out 
of divers medicinal ſtones, and even out of ſome fine gems, real and corporeal metals, 
or other mineral ſubſtances, may be extracted. 

Or this argument I ſhall at preſent ſay the leſs, becauſe the further proſecution of it 
will be more proper in the ſecond part of this diſcourſe, where I ſhall be obliged to 
handle it, with reference to opacous gems, in which its force will beſt appear. And 
therefore I ſball deſire you to take notice, when you arrive at that part of the ſubſe- 
quent diſcourſe, of thoſe particulars, that may ſerve to ſtrengthen the newly propoſed 
argument : and if it be objected, that the bodies, there treated of, are opacous ſtones, 
not gems, I have theſe things to anſwer, | 

Fin sr, that divers ſtones, that are reckoned amongſt precious ones, are opacous too; 
as the turquoiſe, the onyx, the ſardonyx, &c. not to mention divers others, as cats- 
eyes, opales, &c. which are as it were ſemi-opacous., Beſides I much queſtion, whe- 
ther diaphaneity be abſolutely neceſſary to the eſſence, though it be to the beauty, of 
thoſe precious ſtones wherein it is uſually found. And I might here make it probable 
by dilcourſe, that tranſparency and opacity oftentimes depend but upon the manner of 
the pigment's diſperſion thorough the ſtony. matter of the gem, and the convenient or 
inconvenient ſituation of the pores, in reference to the beams of light. But waving this 
ſpeculative argument, I ſhall rather take notice, that ſeveral precious ſtones, and even 
diamonds themſelves, have ſometimes great clouds, which make them in thoſe parts 
almoſt (if not quite) opacous, without being thereby hindered from being true diamonds 
or gems, of this or that kind, to which their hardneſs, colour, &c. makes them apper- 
tain : and not to mention cornelians, agates, and ſome other ſtones, that we may obferve 
to be (as the tinging corpuſcles happen to be, in a due or an over great proportion, 
mixed with the petreſcent matter, and to be uniformly or inconveniently mingled with 
it) ſome of them tranſparent, and ſome of them ſemi-diaphanous ; I have ſeen worn in 
a ling a ſardonyx itſelf, that was tranſparent, as unlikely a gem as that is to be ſo, And 
as for granates, though you know, that both of them are diaphanous, yet I have had 
tome figured ones, that ſeemed quite opacous; and I have others by me of ſeveral 
countries (whereof one very remarkable for its large ſize and geometrical ſhape) that 
arc in ſome places diaphanous, but, as to the main bulk of their bodies, appear at leaſt 
almoſt as dark as ordinary ſtones. | 

| Fu&THER add, that I little doubt, but that experiments, not unlike thoſe I ſhall 
herealter tell you, | tried to obtain mineral or metalline ſubſtances from load-ſtones, na- 
ue? clanabar, bload- ſtones, &c. might ſucceed in ſcveral other of the more ponderous 
gems, it it were not, that the glaſſy nature, or exceeding compactneſs of many of them, 
makes the mineral corpuſcles, that are harboured in the ſtony and inſoluble parts, to be 
mcelyble to our common menſtruums. And when the metalline and mineral ingre- 
dient is very abundant, and the tincture of the ſtony parts not ſo very cloſe, I queſtion 
nor, but even from tranſparent gems the adventitious ingredient may, in part at leaſt, 
be diſſolyved. Ard to ſatisfy you about this matter, I ſhall now inform you, that hav- 
ing by the ponderoulne's of the lately mentioned kind of granates been induced to con- 
clude them impregnated with ſomewhat metalline, and for that reaſon to think it fit to 
iy, Whether 1 could ſeparate it from them, or otherwiſe diſcover it in them; I kept 
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ſome of them (in a crucible) for a competent time in the fire, and found, that they had 
exchanged their colour, or one not unlike that of unbrightened iron; and having re- 
duced them to very fine powder, and digeſted ſome acid menſtruums, and particularly 
rectified ſpirit of ſalt upon them, they afforded me a rich tincture: encouraged by which 

I hoped, that, without their being previouſly burnt, they would in aqua regis afford 


a tincture, and acordingly I obtained from crude granates (only reduced to very tine pow- 


der) a rich ſolution, which, though in colour it ſomewhat emulated a ſolution of gold, 

et partly by the colour of the burned granates, and partly by the taſte of this ſolution, 
11 that another metal was likelier than gold to be the predominant mineral; 
and having gently evaporated part of that menſtruum, I obtained from ſome of the ref 
certain cryſtals, whoſe ſhape, by reaſon of their ſmallneſs and diſorderly coagulation, ! 


could not well determine; and touching with the tip of my. little finger the uncoagulated 
portion of the liquor, this part of a drop being put to a great many drops of the in- 


fuſion of gall, did ſo immediately turn it into a ſubſtance, that ſeemed full as black, 
if not blacker than ink, as you would, I think, have been ſomewhat ſurprized to be- 
hold. 


it was not the only, that helped to conſtitute' theſe granates, was of a martial nature 
which, if it were, I ſuppoſed it would, like other bodies that participate of iron, afford 


with galls: an inky colour. I tried alſo with a parcel of ſmall and red tranſparent _ 


ſtones, which ſome gueſſed to be granates, others, more probably, rubies, that being 
finely powdered, they would in an appropriated menſtruum (made extraordinary ſtrong) 
give a colour like that of diſſolved gold. And that there were really ſome parts of the 
gem diſſolved in the menſtruum, appeared not only by the above-mentioned colour, but 
by theſe two indications ; the one, that having put ſome of this liquor to ſome of the 
ſame ſolution of galls I juſt now ſpoke of, it produced indeed, at the very firſt, a dark 
colour, but not near fo black as that of the granates, and in a trice let fall a copious pre- 
cipitate, that was almoſt white: the other, that I was able to precipitate from it, by an 
urinous ſpirit, a reddiſh ſubſtance, which being ſuffered to dry in air, ſeemed to grow 
into bodies, in-ſhape not unlike moſs, and here and there ſmall muſhrons, all of them 
prettily coloured. And from certain granates, that were in ſome places opacous, as well 
as in others diaphanous, I obtained a ſolution, from whence the ſuperfluous liquor being 
abſtracted, the reſidue, which was deeply coloured, did in the cold afford me a kind 
of ſaline concretions, which yet were not large enough to enable one to determine their 
figure. 

2 york on this occaſion, I hold it not unfit to intimate, that perhaps, if men had curio- 
fity enough to make trials, there would be other tranſparent minerals found capable of 
being wrought on by appropriated menſtruums. For I do not think, that every ſeem- 
ingly glaſſy contexture of a mineral makes it 'unfit to be wrought on: for though the 
clear ſpar, which in moſt of our weſtern lead mines in England is found next to the 
metalline veins, be at leaſt ſemi-diaphanous, and be of ſo glaſſy a contexture, that i 
uſually breaks into ſmooth and gloſſy ſuperficies, and looks like a talk, and alſo, for the 
moſt part, is made up of, and preſently reducible into geometrically figured bodies, 
ſhaped like rhombuſſes or rhomboides z yet ſome other trials, that 1 have made with 


this ſpar, inducing me to ſuſpect, that it was not indeed a talk, but a body of a much 


more open texture, I found I could diffolve it in ſeveral liquors, and particularly in g 


ſpirit of ſale, which would preſently work upon it, even whilſt it was in lumps, and that 


without the aſſiſtance of heat ; which obſervation may perhaps give ſome encouragement 


to ſuch a curioſity as yours, Bur 
V 


Wuricn trial I made to examine the conjectures I had, that one mineral (for perhaps 
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Bur by what I have ſaid of the uſefulneſs of menſtruums, . I would not have you 
think, that they are the only inſtruments, wherewith ſomething metalline may be ob- 
taned from ſome gems: for in another paper of mine (to which ſuch trials more pro- 
perly belong) you may find an account of ſome attempts of that Kind of fuſions and 
appropriated additaments. And however ſuch trials may ſucceed with you, that aim at 
ſeparating from a gem a metalline or mineral body of a determinate ſpecies; I can teach 
you an ealy way, whereby I have (by the help ot fuſion) more than once manifeſted in 
the general, that there may be ſubſtances, partaking of a metalline nature, in ſome kinds 
even of tranſparent gems. And partly by the ſame way, and partly by ſome others, I 
have been able to determine probably enough, in fome caſes, that the mineral ſubſtance 
is predominant in It, | : 

And here, before I diſmiſs the firſt part of our eſſay, I think, I may poſſibly ſome- 
what illuſtrate our hypotheſis, if I briefly mention to you an experiment, I remember I 
once made to that purpoſe. And it was this: I reduced to powder ſome of thoſe ſtiriæ, 
that I have often ſpoken of, of water petrified, as it were, ſpontaneouſly. I alſo con- 
ſidered with myſelf, that I had found ſpirit of verdigris (which I make without the 
tedious preparations, that Baſilins and others preſcrive, by barely diſtilling, without ad- 
ditaments, good French verdigris, and rectifying the obtained liquor) I had, I fay, 
found this menſtruum to be, not only, as I elſewhere obſerve, a good ſolvent for many 
bodies, but alſo to be diſtillable from many of them, without leaving near ſo much of 
itſelf behind, as other ſaline ſolvents are wont to do: conſidering this, I ſay, I diſſolved 
the ſtony ſtiriz in this liquor; and having ſuffered ſome of it to evaporate away, and 
put the reſt into a cool place, I obtained, as I expected, ſtore of ſmall, but finely 
figured and tranſparent cryſtals, that ſhot much after the faſhion of thoſe of the purer 
ſort of nitre. With ſome part alſo of the ſtony ſolution I mixed, in a convenient pro- 
portion, a high coloured ſolution of copper, made likewiſe in ſpirit of verdigrisz and 
theſe two ſolutions being made with the ſame menſtruum, and warily enough put toge- 
ther, did not precipitate one another, but afforded me, upon the evaporation of the ſu- 
p:riuous moiſture, among divers cryſtals, that were tranſparent and colourleſs, ſome 
that were richly adorned with a greeniſh blue tincture of the diſſolved metal. What 
trials I made by this way, little varied, to imitate nature, by affociating into tranſpa- 
rent bodies ſtony and metalline ſubſtances, I cannot now give you a full account of; 
fince 1 neither have by me the notes I ſet down about thoſe trials, nor think it fit to 
make this firſt part of our diſcourſe more prolix, than I now perceive it to be already, 


VV 
Containing a conjecture about the cauſes of the virtues of gems. 


Wuar has been hitherto delivered in the firſt part of our diſcourſe, will, I ſuppoſe, 
make it allowable for me to be more ſuccinct in the ſecond. 1 ſhall now, therefore, 
proceed to thoſe other conſiderations, which, being aſſiſted by what has been already 
lad, may, I hope, ſuffice, to keep our conjecture about the cauſe of the virtues of gems 
trom ſeeming unreaſonable, 

Axp my firſt obervation ſhall be, that not only there is in the earth a great number 
and variety of minerals, already known by particular names; but probably there are very 
mary others, that are not yet known to us. 
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Tux former part of this propoſition will not be doubted by thoſe, that conſider, how 
great a multitude of metalline ores, marchaſites of ſeveral forts, antimonies, tinned 
glaſs, fluores, talks of various kinds, ſpars, ſulphurs, ſalts, bitumens, &c. are mentioned 
partly by chymiſts, and other mineraliſts, and partly by thoſe that have given us ac. 
counts of muſeums and other collections of natural rarities z inſomuch, that of on 
one kind of foſſils, the diligence of ſome modern writers hath reckoned up dete 
two hundred and two hundred and fifty; beſides animals ſtones, as lapis bezoar, lapis 
manati, oculus crancri, lapis porcinus, &c. : 

An as for the ſecond part of our propoſition or obſervation, you will ſcarce deny it 
though you conſider with me but theſe two things. a 

Taz firſt is the ſmall and inconſiderable proportion, that the perpendicular depth 
that the generality of mines bears to the ſemi- diameter of the earth, reckoned to be 
above 3500 miles; ſo that, though our globe were inhabited by ſome hundreds of mil. 
lions of men more than now it is, and they had curioſity enough to dig mines every 
Where, and conſequently there were millions of inquiſitive and laborious men, more than 
really there are, their ſpades and pickaxes would, except here and there, penetrate ſo 
little a way into the earth, that a vaſt multitude of foſſils might, by lying deeper in the 
bowels of it, continue undiſcovered. ap 

AnD to this firſt obſervation I ſhall ſubjoin this ſecond; that, as far as I have ob- 
ſerved, almoſt every region affords minerals of its own, differing from thoſe, that are 
taken notice of in other regions. And in particular countries, as in ſome ſhires of Eng- 
land, a curious and heedful eye may, I doubt not, obſerve ſeveral, that are not taken 
notice of by the inhabitants themſelves ; eſpecially, if well-made borers were diligently 
and ſkilfully employed to pierce the ground, and bring up ſamples of divers foſſils, 
that lie hidden under it. But having elſewhere diſcourſed of this matter, I ſhall here 
only tell you, in general, that in ſome parts of England, where I had more opportunity 
than in others, to exerciſe ſome curioſity about minerals, I met ſometimes, in a ſmall 
compaſs of ground, with a much greater variety than I expected, and ſeveral of them 
undeſcribed, that I know of, by any writer; of which ſort I have received divers others 
from ſeveral parts, both of the old world and the new. | 

In the next place, I conſider, that nature has furniſhed the earth with menſtruums, 
and other liquors of ſeveral ſorts, and endowed it with divers qualities. This I have al- 
ready manifeſted in the diſcourſe of ſubterraneal menſtruums, whereto I ſhall therefore 
refer you; only taking notice in this place, that whereas water is abundantly to be met 
with under ground, and, for the moſt part, very copiouſly in mines, by which 
it is capable to be variouſly impregnated ; this liquor itſelf, eſpecially being thus altered, 
may, in ſome caſes, act the part of no deſpicable menſtruum, and, on ſome occaſions, 


other wiſe concur to the production of mineral bodies. 


I FURTHER obſerve, that the ſubterraneal liquors, upon one account or other (for we 
need not now particularly determine it) are qualified to work, either as corroſive men- 
ſtruums, or as other ſolvents, upon many of the medicinal earths, and other minerals 
they meet with under ground : which minerals, having never been expoſed to our fires, 
t.ave their texture more open, and their parts more ſoluble, than thoſe that have been 
melted by the violent heats of our furnaces. | 

And that even common water will ſuffice to diſſolve and impregnate itſcIf, both with 
the ſaline, and, oftentimes, with metalline parts that it meets with in its paſſage, is ob- 
vious enough in the differing taſtes, and other qualities of liquors, that all paſs for com- 


mon water, whereof ſome is found better, and ſome worſe than others, to brew, ſome 
to 
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to waſh linen, ſome to dye ſcarlet, or other determinate colours; ſome to temper ſteel, 
and ſome {or other uſes. | ; ; 20 | 

Bur others, unqueſtionably more eminent inſtances, are given us by the mineral 
ſprings, whether thærmæ or acidulæ, as authors diſtinguiſh thoſe that are actually hot 
(as at Bath) an thoſe that are ſaline, and, ſor the moſt part, ſouriſh (like thoſe at Tun- 
ridge, and the Yorkſhire Spa) ; of which two ſorts, good ſtore are enumerated by phy- 
ſicians and geographers; and of which a far greeter number would be diſcovered, if 
men wanted neither ſkill nor diligence. And here I ſhall defire you to take notice, 
that, though common water do the moſt readily diſſolve the ſaits, more properly ſo 
called, though not altogether pure, it meets with in the bowels of the carth, as we fee 
it happens in thoſe ſalt-ſprings that come not from the ſea; yet there ate alſo many other 
ſubterraneal bodies, which, upon the ſcore of their. abounding with 1aline particles, will 
be diſſolved by water, though they be of a compounded nature, and contain very dif- 
fering ſubſtances ; as it is plain in thoſe waters of Hungary, and other regions, which, 
by the evaporation of their ſuperfluous moiſture, will yield vitriol, a mineral not only 
compounded, but decompounded, as containing in it a ſaline, a ſulphureous, a metalline, 
and an earthly part (which, itſelf, I have found to be none of the ſimpleſt bodies); every 
one of which may be made diſtinctly to appear. 

LasTLY, I conſider, that the petrific juice of ſpirit coming to be in a ſufficient pro- 
portion mingled with theſe impregnated waters, ſo as to coagulate them, and concoagu- 
late with them; from their coalition may reſult thoſe precious ſtones, that we call tranſ- 
parent gems. For it is certain, that bodies, that were a while before in the form of 
waters, may coagulate into ſtony ſtiriæ, of whoſe odorouſneſs and reducibleneſs into lime, 
] have already given an account in my diſcourſes of lapideſcent juices ; of which you may 
command a ſight, And that even diamonds themſelves, the hardeſt of gems, were once 
fluid ſubſtances, the firſt part of this diſcourſe has, 1 hope, evinced, 

To which I ſhall now add, that. procuring ſome petrified bodies to be brought me 
from a place in England, which I could not be admitted to, I found, that the petrific 
juice or ſpirit, that abounded in the earth of that ſpot of ground, was ſo penetrating, 
and ſo operative, that it made ſome of the vegetable ſubſtances, that were found 
in it, in their priſtine ſhape, and, for aught I could perceive, bigneſs, hard enough 
to cut glaſs, as well as grave on iron. And it was among theſ- rarities (if I much 
miſ-remember not) that I picked up a (moderately) tranſparent body (which, I 
think, I have yet by me) that, by the ſhape, and other circumit.nces, I judged . 
to have been a diaphanous gum, belonging to one of the pieces of petrified wood 
th.t had been brought me, and was hardened to a degree, that made it capable of 
Icratching glaſs. - | 

AND now to bring home theſe things to my preſent ſubject, I conceive, that ſome, at 
leaſt, of the real virtues of diver gems may be derived from this, that whiltt they were 
in a fluid form, or, at leaſt, not yet hardened, the petreſcent ſubſtance was mingled 
with ſome mineral ſolution or tincture, or with ſome other impregnated liquor; and 
that theſe were afterwards concoagulated, or united and hardened into one gem, as a: 
diamond, a ſapphire, a granate, an onyx, a blood-ſione, &c. And as divers of the 
virtues of gems may be, in a general way, deduced from the commixture of theſe mi- 
neral corpuſcles ; fo the greatneſs of thoſe . virtues, and the variety of thoſe properties, 
in particular, may be aſcribed to the peculiar nature of the impregnating liquors, to the 
diverſity of them, and to the greater and leſſer proport oſſs wherein they are mixed. 
wich the petreſcent juice. 
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To render this conjecture (for I propoſe it as no other) thus ſummarily and briefly ex- 
preſſed, the more probable, it will be fit to recall to mind the arguments, whereby we 
have already ſhewn, both that gems were once fluid or ſoft bodies, and that divers of 
them were not {imple concretions of a petreſcent liquor, but conſiſted alſo of other 
mineral adventitious eorpuſcles: which may appear, partly by the ſeparableneſs of ſuch 
ſubſtances from ſome gems (as we exemplified in granates) partly by the ſpecific pravit 
of others, and partly by the differing tinEtures (whereof one, at leaſt, may well be fun. 
poled adventitious) to be met with in gems of the ſame ſpecies, as rubies, ſapphires, 
granates, and even the hardeſt ſtones, that we yet know of, diamonds themſelves ; of 
which (as is before noted) I have ſeen ſome yellow, and that to a great degree, ſome 
of other colours, but not ſo vivid; and ſome green, almoſt like emeralds. 

Now fince there may be in gems, and, in ſome of them, abundantly ſuch adventi. 
tious corpul. les; and ſince there is cauſe to think, that ſome may be endowed with di- 
vers properties, and medicinal virtues ; fince alſo there is a great difference among theſe 
impregnating particles, and, probably, of a greater variety of them than is known to 
us; ſince, laſtly, divers gems are not ſparingly, but richly impregnated with theſe en- 
nobling curpulcles, I ſce no ſufficient reaſon, why ſome of the virtues of divers gems 
are not more likely to proceed thence, than from thoſe unintelligible and precarious ſub- 
{tantial forms to which they are wont to be referred. 

Bur becau'e there are ſome difficulties, that the objections of others, or my own 
thoughts, have ſuggeſted againſt our hypotheſis; though I neither have time, nor do 
think it very neceſſary, to diſcourſe amply of them; yet to clear the way for what I am 
afterwards to repreſent, I ſhall (though I can but briefly do it) ſay ſomething to each, 
that may, p:Thaps, appear no inſufficient anſwer; eſpecially aſter I have declared, as! 
here do once for all, that I ſpeak of the true and medical virtues that belong to gems ; 
and that, as to thoſe magical, and other extravagant properties, that either notoriouſly 
fabulous, or other credulous writers have made bold to deliver, I am fo far from pre- 
tending to afford them an explication, that I do not allow them the leaſt degree of 
aſſent, ; 

Tuis premiſed, let us conſider the chief difficulties themſelves 3 among which, I doubt 
not, but it will be objected, that it is not credible, that the mineral ſubſtances, wherewith 
our hypotheſis would have gems to be impregnated, ſhould have any medical operation 
at all on the human body, in regard that they are ſo locked up, that they can commu- 
nicate nothing to it, eſpecially being indigeſtible and unconquerable by ſo ſmall a hear, 
as that of the ſtomach and other parts of the body. 

Bor to this ſpecious objection I have ſeveral things to return by way of anſwer. And 
firſt of all, had there yet never been any actual trial made, whereby to know, whether 
a gem be capable of having any medical virtues, I confeſs I ſhould find probability 
enough in the ohjection to ſuſpend my judgment, till experience ſhou!d determine the 
queſtion. But ſince upon the very credible teſtimony of eminent phyſicians and patients 
th-mſclves of my own acquaintance, I find much leſs cauſe to diſbelieve, than to aſſent to 
ſome matters of fact about the operations of gems ;z and ſince ſuch matters of fact co 
ſtrongiy argue, in the general, that a precious ſtone may have medical virtues ; I think 
the objection, as it is propoſed in general, is ſufficiently enervated by ſuch particular in- 
ſtances, and ought not to keep us from belicving upon experience the poſſibility of the 
thing denied; elpeciaily ſince there are other things beſides, that may be alledged in 
favour of our hypotheſis. | 

Fox it ma be conſidered in the next place, that vigoreus load-ſtones emit copious ard 


very plentifully effluvia; and yet, beſides that ordinary magnets are uſually a very ow 
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fort of ſtones, I have met with ſome load-ſtones much harder than ordinary ones, and 
,offibly than divers gems. And it is farther conſiderable, that there are load-ſtones 
me of which I can ſhew you) which do not only work upon iron, and other magne- 


tical bodizs, but have. a manifeſt and inconvenient operation upon human bodies, by 


being worn 1n men's pockets, or long held in their hands ; as thoſe, that have reſented 
ſuch operations themſelves, and . obſerved them in others, have complained to me; 
which 1 might confirm by ſome analogous obſervations, if I had time to relate them. 

Bur now I proceed to obſerve, that among tranſparent pebbles, ſome of which, you 
know, are, by being barely well cut and fer, made to counterfeit diamonds, I have 
found ſeveral, that may be brought, in a trice, to emit copious, and even ſtrongly- 
ſcented ſteams. And if you allow the opinion of the generality of modern philoſophers, 
who aſcribe electrical attractions to the effluvia of bodies excited by rubbing, you will, I 
preſume, allow me to infer, that very light alterations may ſuffice to procure expirations, 
even from tranſparent gems: many of which are electrical, and fo are the hardeſt of 
them, diamonds themſelves; one of which I keep by me, that, upon a li.tle friction, 
attracts vigorouſly enough to be wondered at by the ſpectators. 

AxD as to that part of the objection I am anſwering, which contends, that gems are 
not to be digeſted or conquered by the heat of the ſtomach ; I will not ſtay to exa- 
mine, whether, and how far, the digeſtion of things in the ſtomach be to be aſcribed 
to heat, contenting myſelf to fay at preſent, that, to make the objection valid, it ſhould 
be firſt proved, that ſuch bodies cannot have any operation upon the human body as paſs 
thorough it, without any ſenſible change of bulk, figure, &c. as gems, that are ſwal- 
lowed down, are ſuppoſed to do. For we know, that ſome chymiſts make bullets of 
the rezulus of antimony (which we alſo have made, and obſerved ſomething odd about 
them) pilulæ perpetuæ, becauſe, when they have performed their operation in the body, 
and have been ejected with the excrements, they are by ſome more thrifty, than cleanly 
perſons, waſhed, and employed again and again to the former purpoics. Nor do we 
know, what analogy there may be between ſome juices in the body, and ſome of the 
mineral ſubſtances that impregnate gems with their virtues, 

For, though the oculus mundi be reckoned, by claſſic authors, among the rare gems 
(as indeed good ones may be jullly accounted rarities) yet, if one of the beſt ſort be 
but a while kept in common water, it will, as experience aſſures me, receive an altera- 
t:on obvious to the eye. I might here alledge the concurrent authority of many, and the 
common practice of moſt phyſicians, who, in their publick diſpenſatories, as well as 
private preſcriptions, ordain the fragments of precious ſtones to be taken inwardly, upon 
the ſcore of the cordial, and other virtues they aſcribe to them. Bur I ſhall rather 
make uſe of leſs queſtioned arguments, and, without inſiſting on the manifeſt operation, 
that the juices of the body have not only on the chalybeate preparations, where the metal 
is preſumed to be opened, but upon crude ſteel itſelf ; or urging the examples of Laza- 
rus vitri-vorax, or the devourers of ſtones, as being rare #Jooulguciz; I ſhall proceed to 
acquaint you, that with a faint liquor, diſtilled from a vegetable ſubſtance, as tempe— 
rately qualified, and as plentifully eaten as bread, I have obtained, and that without 
heat, from divers lard bodies, and amongſt them, from a tranſparent ſort of gems, a 
manifeſt tincture. And whether ſome juices of the body, aſſiſted by the natural heat of 
it, may not, in reference to ſome gems, ſerve for extracting menſtruums, though it 
may well be more than either I, or the objectors, certainly know, yet the inſtance, I 
come from alledging, favours our hypotheſis more than theirs. | 

Axp even the natural heat of a human ſtomach, nay, perhaps, the outward parts of 
tie body, may be able, though not to digeſt precious ſtones, yet to ſolicitout ſome of 
their 
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To render this conjecture (for I propoſe it as no other) thus ſummarily and briefly ex- 
preſſed, the more probable, it will be fit to recall to mind the arguments, whereby we 
have already ſthewn, both that gems were once fluid or ſoft bodies, and that divers of 
them were not {imple concretions of a petreſcent liquor, but conſiſted alſo of other 
mineral adventitious eorpuſcles: which may appear, partly by the ſeparableneſs of ſuch 
ſubſtances from ſome gems (as we exemplified in granates) partly by the ſpecific gravity 
of others, and partly by the differing tinEtures (whereof one, at leaſt, may well be ſup- 
poled adventitious) to be met with in gems of the fame ſpecies, as rubies, ſapphires, 
granates, and even the hardeſt ſtones, that we yet know of, diamonds themſelves ; of 
which (as is betore noted) 1 have ſeen ſome yellow, and that to a great degree, ſome 
of other colours, but not ſo vivid; and ſome green, almoſt like emeralds. 

Now fince there may be in gems, and, in ſome of them, abundantly ſuch adventi. 
tious corpul. les; and ſince there is cauſe to think, that ſome may be endowed with di- 
vers properties, and medicinal virtues ; ſince alſo there is a great difference among theſe 
impregnating particles, and, probably, of a greater variety of them than is known to 
us; ſince, laſtly, divers gems are not ſparingly, but richly impregnated with theſe en- 
nobling curpuſcles, I ſe no ſufficient reaſon, why ſome of the virtues of divers gems 
are not more likely to proceed thence, than from thoſe unintelligible and precarious ſub- 
{tantial forms to which they are wont to be referred. 

Bur becau'e there are ſome difficulties, that the objections of others, or my own 
thoughts, have ſuggeſted againſt our hypotheſis ; though I neither have time, nor do 
think it very neceſſary, to diſcourſe amply of them; yet to clear the way for what I am 
afterwards to repreſent, I ſhall (though 1 can but briefly do it) ſay ſomething to each, 
that may, perhaps, appear no inſufficient anſwer ; eſpecially aſter I have declared, as J 
here do once for all, that I ſpeak of the true and medical virtues that belong to gems; 
and that, as to thoſe magical, and other extravagant properties, that either notoriouſly 
fabulous, or other credulous writers have made bold to deliver, I am fo far from pre- 
tending to afford them an explication, that I do not allow them the leaſt degree of 
aſſent, | 

Tunis premiſed, let us conſider the chief difficulties themſelves z among which, I doubt 
not, but it will be objected, that it is not credible, that the mineral ſubſtances, wherewith 
our hypotheſis would have gems to be impregnated, ſhould have any medical operation 
at all on the human body, in regard that they are ſo locked up, that they can commu- 
nicate nothing to it, eſpecially being indigeſtible and unconquerable by ſo ſmall a heat, 
as that of the ſtomach and other parts of the body. 

Bur to this ſpecious objection I have ſeveral things to return by way of anſwer. And 
firſt of all, had there yet never been any actual trial made, whereby to know, whether 
a gem be capable of having any medical virtues, I confeſs I ſhould find probability 
erough in the oFj:Rion to ſuſpend my judgment, till experience ſhould determine the 
queſtion. But ſince upon the very credible teſtimony of eminent phy ſicians and patients 
th-mſclves of my owa acquaintance, I find much leſs cauſe to diſbelieve, than to aſſent to 
ſome matters of fact about the operations of gems; and ſince ſuch matters of fact co 
ſtrongiy argue, in the genera}, that a precious ſtone may have medical virtues; I think 
the objection, as it is propoſed in general, is ſufficiently enervated by ſuch particular in- 
ſtances, and ought not to keep us from believing upon experience the poſhbility of the 
thing denied; clpecially ſince there are other things beſides, that may be alledged in 
favour of our hypotheſis. 

Fox it may.be conſidered in the next place, that vigoreus load-ſtones emit copious and 


very plentifully effluvia; and yer, beſides that ordinary magnets are uſually a very 1 
or 
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fort of ſtones, I have met with ſome load-ſtones much harder than ordinary ones, and 
,offibly than divers gems. And it is farther conſiderable, that there are load-ſtones 
rages of which I can ſhew you) which do not only work upon iron, and other magne- 


tical bodies, but have. a manifeſt and inconvenient operation upon human bodies, by 


being worn in men's pockets, or long held in their hands ; as thoſe, that have reſented 
ſxh operations themſelves, and . obſerved them in others, have complained to me; 
which | might confirm by ſome analogous obſervations, if I had time to relate them. 

Bur now I proceed to obſerve, that among tranſparent pebbles, ſome of which, you 
know, are, by being barely well cut and fer, made to counterfeit diamonds, I have 
found ſeveral, that may be brought, in a trice, to emit copious, and even ſtrongly- 
ſcented ſteams. And if you allow the opinion of the generality of modern philoſophers, 
who aſcribe electrical attractions to the effluvia of bodies excited by rubbing, you will, I 
preſume, allow me to infer, that very light alterations may ſuffice to procure expirations, 
even from tranſparent gems: many of which are electrical, and ſo are the hardeſt of 
them, diamonds themſelves; one of which I keep by me, that, upon a little friction, 
attradts vigorouſly enough to be wondered at by the ſpectators. 

And as to that part of the objection I am anſwering, which contends, that gems are 
not to be digeſted or conquered by the heat of the ſtomach; I will not ſtay to exa- 
mine, whether, and how far, the digeſtion of things in the ſtomach be to be aſcribed 
to heat, contenting myſelf to ſay at preſent, that, to make the objection valid, it ſhould 
be firſt proved, that ſuch bodies cannot have any operation upon the human body as paſs 
thorough it, without any ſenſible change of bulk, figure, &c. as gems, that are ſwal- 
lowed down, are ſuppoſed to do. For we know, that ſome chymiſts make bullets of 
the regulus of antimony (which we alſo have made, and obſerved ſomething odd about 
them) pilulæ perpetuz, becauſe, when they have performed their operation in the body, 
and have been ejected with the excrements, they are by ſome more thrifty, than cleanly 
perſons, waſhed, and employed again and again to the former purpoſes. Nor do we 
know, what analogy there may be between ſome Juices in the body, and ſome of the 
mineral ſubſtances that impregnate gems with their virtues, 

For, though the oculus mundi be reckoned, by claſſic authors, among the rare gems 
(as indeed good ones may be jullly accounted rarities) yet, if one of the beſt ſort be 
but a while kept in common water, it will, as experience aſſures me, receive an altera- 
ton obvious to the eye. I might here alledge the concurrent authority of many, and the 
common practice of moſt phy ſicians, who, in their publick diſpenſatories, as well as 
private preſcriptions, ordain the fragments of precious ſtones to be taken inwardly, upon 
the ſcore of the cordial, and other virtues they aſcribe to them. But I ſhall rather 
make uſe of leſs queſtioned arguments, and, without inſiſting on the manifeſt operation, 
that the juices of the body have not only on the chalybeate preparations, where the metal 
is preſumed to be opened, but upon crude ſteel itſelf ; or urging the examples of Laza- 
rus vitri-vorax, or the devourers of ſtones, as being rare #oouſucaciz; I ſhall proceed to 
acquaint you, that with a faint liquor, diſtilled from a vegetable ſubſtance, as tempe- 
rately qualified, and as plentifully eaten as bread, I have obtained, and that without 
heat, from divers hard bodies, and amongſt them, from a tranſparent ſort of gems, a 
manifeſt tincture. And whether ſome juices of the body, aſſiſted by the natural heat of 
it, may not, in reference to ſome gems, ſerve for extracting menſtruums, though it 
may well be more than either I, or the objectors, certainly know, yet the inſtance, I 
come from alledging, favours our hypotheſis more than theirs. 

Axp even the natural heat of a human ſtomach, nay, perhaps, the outward parts of 
ie body, may be able, though not to digeſt precious ſtones, yet to ſolicitout tome of 
their 
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their virtues ; ſince I am ſure, it makes a ſenſible alteration in the hardeſt ſort of them 
For I have a diamond, whoſe electrical faculty may be excited not only by rubbing, 
bur, without it, by a langui! degree of adventitious heat. And I have had in my kee ; 
ing a diamond, which, by water made a little more than lukewarm, I could bring to 
ſhine in the dark. | US 

O8jeft. It it be further alledged, that, though ſome virtues may be conceded to gems 
upon the account of the minerals that impregnate them, yet it will be no way likely, 
thit their virtues ſhould be ſo various and great, as even the modeſter ſort of authors 
pretend: it this, I tay, be alledged, I ſhall readily acknowledge, that I do not think 
tiers, or myleif, obliged to belicve all the ſtrange things, that even ſome learned wri- 
ters do ſometimes aſcribe to gems : and if any man will thi:k, that ſome of them are 
tavulous, and more of them hyperbolical, he may ſooner find me his affociate, than his 
atveriary in that point. For the rarity of tranſparent gems, their Juſtre, and the great 
value, which their ſcarceneſs, and men's folly 2 upon them, imboldens ſome to ſay, 
and inclines others to believe, that ſuch rare and noble productions of nature muſt be 
endowed with proportionable, and conſequently, with extraordinary qualities. 

BuT this being freely granted, I anſwer to the objection; firit, that it is not improba- 
ble, that there may be in the earth a much greater va iety of minerals diffoluble by the 
ſubterraneal menſtruums, and capable of concoagulation with petreſcent juices, than 
authors have yet taken notice of: to which conjecture divers ſubterraneal productions, 
that I have met with, do ſtrongly incline me. And from the number and various mix- 
tures of theſe may proceed, not only a great variety of operative particles in precious 
ſtones, but a high degree of energy in ſome of them. | 

Anp next I conſider, that the efficacy of thoſe mineral tinctures or ſolutions that are 
already known to us, and may be concoagulated with the petreſcent juice, may be rea- 
ſonably preſumed to be much greater in ſome gems, whereot they became ingredients, 
whilſt taty were (as chymiſts ſpeak) in ſolutis principiis, than may be expected in our 
ſhops, or laboratories, from the vulgar ſolutions of the ſame metals or minerals, after 
they have, by vehement fires, been reduced into gold, or ſilver, or lead, or antimony, 
Ec. For whereas, in theſe vehement fuſions, requiſite to bring metalline or other ores 
into ſuch ſubſtances, the volatile and ſpirituous parts are wont to be driven away, and 
the remaining body becomes more hard and compact, and has his virtues, as it were, 
locked up ; in the ſtate of fluidity thoſe ſubtle and efficacious parts are preſerved, and 
united to the other ingredients of the gems, whence ſome emanations of them may be 
eaſily enough drawn out; as in the inſtance I not long ſince mentioned, of the eaſy 
edluciion of ſtrongly-ſcented ſtreams from pebbles ſo hard, that I found them more 
diſpoſed to ſtrike fire, than flints them'elves, that are uſed in guns. And from the 
greater or leis plenty, and natural activity of the impregnating particles in this or that 
gem, may, probably, be deduced the difference in colour ot ſome, and in virtue 

See dee Oi Other ſtones of the ſame denomination : of which we have, in a learned writer or 

rin Ce re two, eminent examples given us of the great virtue of ſome, and the inefficacy of 

Phciude. other, that experience has diſcovered, among thoſe ſtones that go under the title of 
lapis nephriticus. For, though they be not properly tranſparent gems, yet the 
analozy berwixt them, and thole that are, ſeems ſufficient to warrant the mentioning of 
them on this occaſion. | | * 

Axp here we may ſubjoin two things, in favour of both the foregoing anſwers: the 
firſt, that for aught we know, the pctreſcent juices themſelves may have all that 13 fe- 
quiſite to make them ſich, and yet have diſtinct natures, and be endowed with peculiar 


qualities, abitracting from thoie which they acquire upon the ſcore of their 2 
Wi 
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with adventitious liquors. This I cannot ſtay to make probable by the differences I have 
obſerved in petreſcent fluids, and therefore I haſten to the ſecond. ; | 
Tas next thing which I would repreſent, is, that having obſerved petrific liquors, or 
ſpirits, to pervade and give a high degree of hardnels to bodies that chanced to lie within 
their reach, though one would have thought them ſufficiently indiſpoſed to receive ſuch 
an indutation; I ſee no abſurdity in ſuppoſing, that, ſometimes, ſuch a liquor may in- 
vade, permeate, and ſubdue tranſparent minerals, abounding in faline, ſulphureous, 
and bituminous particles; which conſequently being duly excited, may be made to emit 
their more ſubtle and more active parts. And as] have cauſe to think, that ſubterraneal 
fres and menſtruums do divers times make various compoſitions and decompoſitions in 
the earth (as it were not hard for me to ſhew, if I had leiſure); ſo it is not impoſhble but 
that the ſpirit we have been ſpeaking of, ſupervening, may mingle itſelf with ſuch bodies, 
and petrify them, together with itſclf, into gems. On which occaſion, I remember, 
that I have had ſalt, made by nature in the bowels of the earth, juft like that which 
chymiſts compound by art on the ſurface of it. And I have ſometimes made, by an 
ealy operation, and a moderate degree of fire, a certain compoſition of volatile particles 
of ſalt and ſulphurs (ſome of which I have yet by me) which, after diftillation, did, in 
a fluid medium, ſhoot into cryſtals tranſparent, and more curiouſly figured, than I have 
ſeen divers natural gems to be. So that, if either beneath, or upon the ſurface of the 
earth, ſuch kind of ſubſtance happen to be pervaded and ſubdued, by a clear petrifying 
liquor; we may well preſume, that the reſulting concretions may be indued with qua- 
lities, as well uncommon for the kind, as conſiderable for the degree. 

Object. If it be yet objected, that it is very unlikely that gems ſhould part with any 
effluvia or portions of themſclves, ſince they loſe not of their weight, and ſome of them 
are very little heavier than cryſtal itſelf, and conſequently are not like to have much ad- 
ventitious fubſtance to part with; I might leave the anſwering of one part of the objec- 
tion to phyſicians and chymiſts, who teach, that the antimonial glaſs and cup imbue wine 
and other liquors with a ſtrong emetic quality, without any ſenſible loſs of weight, 
But having elſewhere ſpoken of thoſe things, I ſhall rather here demand, whether the ob- 
jectors have tried the truth of what their argument ſuppoſes by any way ſufficiently accu- 
rate? For I much doubt, that that has neither been attempted, nor would be found eaty 
to be performed. And till due trial be made, let me repreſent, that though they will 
not allow common water to be a menſtruum fit to draw any thing with, from ſuch a 
body as mercury, which is wont to mock the chymiſts aqua fortis and aqua regis; yet 
both Helmont and others inform us, that mercury kept for a day or two in common wa- 
ter, or boiled a while in it, though it be taken out without any ſenſible diminution of 
weight, or bulk, will have imbued a conſiderable quantity of water with a virtue of 
killing worms; for which purpoſe it is much uſed, and often with good ſuccefs, in a great 
hoſpital in London, as the chief phyſician of it (a very judicious and experienced man) 
has more than once informed me. 

Axp as for the lightneſs that is objected againſt ſome gems, beſides that it may 
ſafely be granted, that, ceteris paribus, ſuch may have fewer or more languid virtues 
than others of the ſame kind; it may alſo be anſwered, that the adventitious ſubſtance 
that impregnates the petreſcent juice, may be of ſo ſmall ſpecifick gravity, as not to make 
the gem at all heavier in ſpecie than cryſtal itſelf. For this (as we have formerly obſer- 
ved) being about two times and a half heavier than common water of the ſame bulk, I 
have hydroſtatically found, that divers ſalts and ſome other mineral ſubſtances are of leſs 
pecifick gravity; and conſequently, if they were concoagulated with the petreſcent 
Juice, that hardens into ciyſtal, need not increaſe the ponderouſnels of it, and yet may 
Vol. III. 3 2 imbue 
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imbue it with conſiderable virtues; nor is it neceſſary (to add that in tranfitu on this 
occaſion) that, not to alter even the colourleſneſs of cryſtal, or the colour of another 
gem, the adventitious ſubſtance ſhould be purely faline ; for I have divers times made 
bodies, which though tranſparent and colourleſs like cryſtal, and ſometimes curiouſly and 
regularly figured, were yet of a compounded nature, and particularly abounded with an 
eaſily ſeparable and ſtrongly-ſcented ſulphur. But to give yet a farther and more direct 
anſwer to the objection; I ſhall add, that though when a gem has much more ſpecifick 
gravity than cryſtal, or will ſuffer an adventitious mineral to be ſeparated ani it, 
it is a very probable argument that the petreſcenr juice is that body compounded with an 
adventitious ſubſtance ; yet it will not neceſſarily follow, that, when neither of theſe 
ſigns appear, the gem is quite devoid of any ſuch ſubſtance. For (according to what 
I elſewhere declare) the petreſcent liquor it mainly conſiſts of, may be impregnated, nor 
with the groſſer ſubſtance, but with the finer and more ſpirituous part of the mineral, 
without having the ſpecifick gravity ſenſibly encreaſed. Of which I remember I ſhewed 
a notable inſtance to ſome curious perſons, at a mineral ſpring, which many were then 
drinking of by the advice of learned phyſicians for ſeveral diſeaſes. For, though this 
water, both by its inky taſte, by its blacking the excrements of thoſe that drank it, and 
by other ſigns appeared to participate richly enough of iron; yet the ferruginous particles 
it abounded with, were ſo light and ſpirituous, that not only they would, as I tried, be 
eaſily loſt, if the liquor were kept too negligently ſtopped ; but when I came, whilſt 
the ſpirits were yet there (it being but newly taken from the ſpring itſelf) to examine it 
hydroſtatically with very good ſcales and much diligence, I convinced the virtuoſi that 
aſſiſted, that this ferruginous water was very little, if at all heavier in ſpecie than other 
water, which was brought as common water to be compared w.th it, and examined with 
the ſame ſcales, and after the ſame manner. 

Aub now, if you recall to mind what I have elſewhere ſaid, partly of the atmoſpheres 
of ſolid bodies, and partly of the great efficacy of effluviums; I hope you will not think 
It abſurd to conjecture, both, that ſome precious ſtones may have medical virtues, and, 
that divers of theſe may be aſcribed to the mineral ſubſtances, whereot they participate 
or conſiſt ; and eſpecially to thoſe which are beſt fitted to exert their powers, by the 
copious effluxions of their more agile and ſubtle parts. 

And by this time it may be ſeaſonable to tell you, that though what I have hitherto 
diſcourſed do chiefly belong to tranſparent gems ; yet divers of the things already deli- 
vered may, with no greac alteration, be applied to opacous gems z of which I ſhall ſpeak 
much more briefly, not only for the reaſon juſt now given, but becauſe, if we have ſhewn, 
as I hope we have, that even diaphanous gems may be endowed with virtues by the mi- 
neral ſubſtances they contain, or are in part made up of; the arguments will hold more 
ſtrongly as to opacous gems z both becauſe theſe are, for the moſt part, much lefs hard 
than the others, and becauſe it is far more eaſy to ſhew, by their ſpecifick gravity, and 
the compoundedneſs of divers of them, that the dark ones, than it is that the clear 
ones may partly, and ſometimes plentifully conſiſt of mineral fubſtances embodied with 
and hardened by petreſcent juices or petrific ſpirits. 

In favour of this doctrine, I ſhall endeavour, in the firft place, to ſhew that what has 
been delivered is poſſible; and afterwards ſet down ſome particulars to make it very pro- 
bable. | 

Tut firſt part of my taſk might be eaſily performed, or, perhaps, would be needles, 
if I were ſure you had no nced to be told of any thing I have written about lapideſcent 
juices, But for greater ſecurity I ſhall, in this place, briefly intimate, that among the 
kinds of thoſe liquors I have obſerved a fort that is of ſo fine a ſubſtance, and 3 
petri 
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perifying a virtue, that it will penetrate and pen bodies of very differing kinds, and 
et ſcarce, if at all, viſibly encreaſe their bulk, or change their ſhape or colour. To 
which purpoſe, I remember, that I have ſeen divers animal and vegetable ſubſtances fo 
ified, as ſcarce at all to be taken notice of, by their appearance to have been altered 
by the operation of the petreſcent liquor. I have, with pleaſure, ſeen a thin cream-cheeſe 
turned into ſtone, where the ſize, ſhape, and colour, even of the wrinkles, and the blueiſh 
mold (which, it ſeems, it began to have, when the liquor invaded it) were ſo well pre- 
ſerved, that an hungry man would not have ſcrupled to have fallen upon, it for a good 
bit, And as for the hardneſs that this petreſcent juice can give to the body that it pe- 
netrates, I ſhall now only remind you of what 1 lately told you; that I have had, and, 
I think, yet have, in another place, a pretty quantity of wood petrified in England, 
which retaining its former figure, and grain, and ſcarce at all viſibly increaſed in bulk, 
was ſo very hard, that I could make impreſſions with it upon iron and glaſs itſelf, and 
make it ſtrike fire like an excellent flint. To which I ſhall here add, that the ſtony parts 
did not ſuffer the wood. which they kad penetrated- to be reduced in the fire, either to 
aſhes or charcoal. And I have by me a lump of mineral ſubſtances, wherein a petreſ- 
cent liquor that fills the large intervals between them, is tranſparent enough and harder 
than moſt ſtones, as far as we could gueſs by ſome trial of it made by a ſkilful engraver 
of gems. | 
8 to theſe inſtances might be added many others, if it did not by theſe few ſufficiently 
appear, that petrifick agents may inſinuate themſelves into the pores of various bodies, 
and turn them into ſtone, without otherwiſe deſtroying their pri 
as their former figure. | 
WHEREFORE, having in general ſhewn our hypotheſis to be poſſible, we may now 
deſcend to four or five particular arguments, that it is hoped may help to render it very 
_ probable. And theſe I ſhall fetch, partly from the great ſpecifick gravity of divers opa- 
cous and medicinal ſtones ; partly from the fitneſs of our hypotheſis to render a realon 
of divers phenomena relating thereunto, ſome of them ſcarce at all, and others much 
leſs probably to be accounted for without it; partly from the metalline ſubſtances to be 
manifeſtly ſeparated or obtained from the ſtones we are treating of; and partly from the 
nature of the bodies whereof medicinal ſtones ſeem to be compounded. | 
Arg. I. Tuna the ſpecifick gravity of divers opacous ſtones, whereunto medicinal 
properties are aſcribed, is very conſiderable, is a truth, which if thoſe that have written 
of ſuch concretions had been verſed in hydroſtaticks, and had had the curioſity to exa- 
mine them that way, they might have eaſily diſcovered, as will quickly appear by par- 
ticular examples z before the mention whereof, it will be fit for me to take notice to you, 
that conſidering with myſelf, that white marble is generally allowed to be a pure and 
lolid ſtone, and, upon the ſcore of its whiteneſs, is likelier than moſt others to be free 
from mineral mixtures; I thought I might at leaſt as well pitch upon that as on any 
other, for the ſtandard of the ſpecifick gravity of opacous ſtones, as they are merely 
ſuch, And accordingly having weighed a piece of white marble in air and water, I 
found it to be in weight to an equal bulk of that liquor very near 2 = to 1, or, that 
the proportion with very little error may be the better remembered, as two and ſeven 
tenths to one. And to make trial in a ſtone uncoloured, but, becauſe haider, ſuppoted 
to be of a cloſer texture, we examined a fine white pebble, which we found to be to 
an equal magnitude of water, as two and above fix tenths to one. This being deter- 
mined, it was not difficult tor me to think, both that divers bodies that commonly paſſed 
for mere ſtones, are more ponderous than white marble of the ſame bulk; and that if 
chere were any ſuch great ;urpluſage of ſpecifick weight, as I gueſſed, many will be 
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found to have above that of marble, it might proceed from ſome metalline body, though 
not viſibly, yet really, and perhaps plentifully mingled with tha petreſcent matter of 
theſe ſtones. The latter part of this conjecture will hereafter be cdnfirmed in the third 
argument; which makes it unneceſſary for me to give you now of the former more than 
a few inſtances : which I ſhall ſoon diſpatch, by telling you, that I quickly found by 
weighing the following minerals, firſt in the air, and then inthe water, that a blood. ſtone 
(bought at the druggiſt's) was in weight to water of the ſame bulk at 5 to 1; the 
load-ſtone I then tried (for all are not equally heavy in ſpecie) as 4 and , to 1; layis 
calaminaris, vſed for rheums in the eyes, and to turn copper into braſs, as 4 . tg 
13 lapis tutiæ, as they call it, which is alſo much employed in rheumatick eyes, as very 
near 5 to 1. 

Bur here I muſt advertiſe you, that I have not found the proportion of each of theſe 
bodies and water to be any thing near conſtantly the ſame, but ſometimes to differ ve 
much in particular ſtones of the fame kind; which agrees very well with our hypotheſis, 
For, according to that, thoſe particular ſtones that happen to partake more plentifully of 
mineral ſubſtances, heavier in ſpecie than ftone, as ſuch needs to be, ought to be more 
ponderous than others of the fame kind, that are not ſo qualified; I faid, heavier in 
ſpecie than a ſtone, as ſuch need to be, becauſe there are ſubſtances that are reckoned 
among minerals, and are capable of endowing the ſtony matter wherewith they are coz- 
gulated with medical virtues, and yet thoſe ſubſtances may make the ſtone, or aggregate 
whereof they are made, not to be heavier, but lighter in ſpecie. From jet, which in 
ſome parts of Europe being found in quarries of mines, is indeed a foſſil, which is wont 
to be reckoned among ſtones, and by many worn as a gem, I obtained no inconſiderable 
proportion of oil; and having weighed choice jet itſelt in water, I found it to be, bulk 
for bulk, to that liquor, but as +22. to 1. And there are ſome other foſſils, hard as 
ſtone and polithable as marble, from which I have, by diſtillation, obtained two kinds 
of oil, whereof one was lighter than common water; which ſhews, that even bituminous 
and light ſubſtances may be ingredients of a ſtone; and that ſalts, which are moſt of 
them leſs heavy in ſpecie than white marble, may plentifully concur to the making up of 
ſtones, I ſhall have occaſion to manifeſt at the cloſe of this diſcourſe, by thoſe ſtones 
whereof we in England uſe to make vitriol, The foregoing reflection | have here touch- 
ed upon, becauſe 1 would intimate to you, that ſtones that are lighter in ſpecie than white 
marble, may be compounded of foffils, whence they may derive peculiar qualities, at 
the ſame time, when I tell you, that in my opinion ſuch ſtones as are conſiderably more 
heavy in ſpecie than marble, may afford us a ſtrong preſumption of their owing their gra- 
vity to the mixture of metalline or mineral ſubſtances. And this may ſuffice for our firſt 
argument. : 

Arg. II. Tae next ſhall be taken from the conſideration of ſome phenomena (relating 
to medicinal ſtones) which agree very well with our hypotheſis, and will ſcarcely be very 
well explicated without it. 

Arp, firlt, as to tranſparent gems themſelves, I have learned by inquiry of travellers 
that have viſited thoſe parts of the Eaft-Ingdies, where they grow, that ſometimes one fort 
of gems, ſometimes another, and ſometimes alſo diamonds themſelves are found included, 
in the rocks where they are digged for, or in the midſt of hard looſe ſtones, which mult 
be broken in pieces, to take out the diamond or other incloſed gem; which phænome- 
non will be hard to be accounted for, unleſs by our hypotheſis z according to which it 
may rationally be ſuppoſed, that the gem was firſt forined either in earth, or ſome other 
ſoft and ealily permeable ſubſtance, which being afterwards pervaded by ſome petrifick 


juice or ſpirit, was turned into rock or looſe ſtones, according as the earth and _— 
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Ment matter chanced to be an entire and coherent maſs, or divided into clods and other 

ortions. And I remember, that the governor of an American colony, having ſent me, 
among other rarities digged up in his country, an odd kind of mineral that ſeemed more 
ponderous than at firſt fight it promiſed, I had the curioſity to break it, and found in 
it, here and there, ſeveral gems, which by their figuration and ſome other circumſtances, 


were concluded to have been formed there, before the ambient mineral had obtained the 


nature it then appeared to be of. And in opacous ſtones, it may hence happen, that a 
great lump of medicinal earth may be invaded and petrified after the newly mentioned 
manner ; ſo that it may not be thought incredible that ſome of theſe medicinal ſtones 
ſhould be very large in compaciſon of others: as I remember that an ingenious phy ſician 
told me of a ſplecn- ſtone, as they call them, in the hands of an acquaintance of his 
(where I might have ſeen ir, if my occaſions*had permitted) amounting to about four- 
ſcore pounds weight.” And on this occaſion, I allo remember, that even in a medicinal 
ſlone much harder and heavier than marble, and whereof I have ſeen lumps far greater 
than I could lift; I remember, I ſay, that having had the curioſity to cauſe a pretty big 
piece, violently broken of from the maſs whereto it belonged, to be ſawn aſunder, that 
I might cenſider the internal textures, as far as it was viſible; 1 found ſeveral empty 
cavities of diff ring ſizes and figures in the ſolid ſubſtance of the ſtone (which I think I 
have not yet loft); which ſeems to argue, that this compact and ponderous body was 
made of a ſtony nature, by the ſupervening of ſome p«treſcent liquor or ſpirit upon po- 
rous earth, or {ome other conſiſtent ſubſtance. For it it had been a mere liquor wherein 
thoſe cavities muſt have been ſo many aerial bubbles, it is not like that ſome of them 
ſhould have ſuch irregular ſhapes, and that all ſhould have continued, without emerging 
to the top. 

air. Xt our hypotheſis will alſo help to render a reaſon of what ſeems exceeding 
difficult to be cxplicated; namely, how ſome gems, that ſeem to be entire ſtones, are in 
part of one colour, and in that, which is contiguous to it, of a quite differing ; of which 
fort we have the ſardonyx, and ſome other opacous gems. And I have obſerved the 
like, though very rarely, in diaphanous ones. For, according to our hypotheſis, it 
may be ſaid, that a portion of matter, imbued with one of the tinctures of the parti- 
coloured gem, was firſt formed, and afterwards, ſome petreſcent juice, endowed with 
another colour, came to ſettle contiguoully to it, and ſo by accretion made up one ſtone 
with it. I might illuſtrate this by telling you, that though fire do make a far greater 
agitation of bodies melted by it, than need be ſuppoſed in cold petreſcent liquors, yet 
I have found in making artificial gems, that by ſome miſchance or error in the operation, 
the mineral pigment has richly tinged one part of the tranſparent maſs, without at all 
imparting that colour to the very next part to it; ſo that if I ſhould ſhew one of thoſe 
I have yet by me, you would judge it to conſiſt of two differing gems ſubtilely glewed 
or faſtened together, unleſs you ſhould in vain try, as others have done, to diicover by 
the eye or otherwile, ſome naked commiſſure, which may keep thoſe ſo differingly co- 
loured bodies from making up one entire mals. ——— 

Bur let us leave theſe artificial gems, and add to what I was ſaying about our natural 
ones, that the union of parts in theſe reſulting ſtones (if I may fo call them) I was 
ſpeaking of before, might be the more perfect, if the ſupervening matter found not the 
brit formed ſtone to have attained to its full induration; though, for aught I know, even 
in this caſe, the appoſition may be ſo cloſe, and the two matters ſo near of kin, that both 
may pals for one ſtone, and be poliſhed both together, without any blemiſhing dilconti- 
nuity of ſurface at thoſe parts, where one would expect commiſſures. For I have by me 
a lump, wherein there plainly appear ſtones of colours very different from each other, 
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that were once diſtin and incoherent ; but by ſome petreſcent liquor have had all theit 
intervals ſo exquiſitely filled up, that neither the touch, nor the artificers tool, the lum 

being now ſawn aſunder, diſcovered any commiſſures; but the whole maſs bears an vj. 
form poliſh, and is harder than divers gems that are worn in rings, readily enough 
ſtriking fire with a ſteel. And to confirm this the more, I ſhall add, that in a place 
where a prying perſon of my acquaintance lighted on this portion of petrified matter, 
he found not only other lumps, but divers looſe tones, that ſeemed altogether of the 
ſame nature with thoſe, that by the ſupervention of the petreſcent liquor were united into 
ſtony maſſes. I have alſo had a curious agate ſo formed, that it ſeemed highly probable 


that the opacous parts of its matter had been ſome thin, but not altogether contiguous 


beds of fine clay, or earth, lying almoſt parallel ro each other (but not to the horizon) 
which by ſome petreſcent liquor that chanced to ſettle there, was reduced to coagulate 
with it into a partly opacous and partly diaphanous ſtone. And of ſuch clays or mineral 
earths, I have ſometimes with pleaſure oblerved more than one or two, which, though 
diſtinct, and perhaps of differing colours, were ſo very thin, that the thickneſs of them 
all did ſcarce exceed an inch, nor did they always lie flat or horizontally, but in differing 
poſtures, both in reference to the horizon, and one another, and now and then the exterior 
ones did ſucceſſively almoſt ſurround the interior; and of theſe thin couches or layers of 
earth, I remember, I have ob:erved a conſiderable number within a very ſmall compaſy 
of ground. I muſt not in this place ſtay to ſhew how probable it is, that much after the 
ſame way may be explicated the production of divers other gems beſides agates, as chal- 
cedonians and jaſpers, which are for the moſt part opacous, but oftentimes have ſome 
parts that are not ſo. But I am content, before I go further, to mind you, on this 
occaſion, of what I elſewhere deliver, that by purpoſely calcining, without breaking, 
ſome of theſe ſtones, whoſe greater part was diaphanous, I found, that the tranſparent 


parts turned white; and that ſome of the thin layers or couches of mineral earth had 


retained their colour, as well as poſition, and had it much heightened ; ſo that one of 
theſe layers, after calcination, was of a very rich and permanent red. And this diff r- 
ence of colours I obſerved not only in layers, but in the ſpecks and irregularly ſhaped 
clouds, if I may ſo call them, of other colours, as greeniſh, blueiſh, &c. I might 
here add, that I have found ſhining marchaſites, not only in other ſolid ſtones, but in 
marbles, as alſo flints themſelves, incloſed in great maſſes of marble, and likewiſe wood 
in ſtrong ſtones employed to build a wall, and ſheils, at leaſt as was judged by their 
ſhapes and ſizes; in a great maſs of ſtone that I met with almoſt on the cop of a hill 
remote from the ſea, together with divers other ſuch phenomena, which I think may 
probably be accounted for by our hypotheſis, and ſcarce without it. But being willing 
to diſpatch this diſcourſe, and unwilling to intrench upon the diſcourſe of the effrcts of 
the p=treſcent juice, to which the conſideration of thele and divers other phænomena, to 
be met with about the generation of ſtones and petrified bodies, eſpecially in wombs or 
molds, more properly belongs: I ſhall in this place only point back to one obſerva- 
tion, and anſwer one objection ; becauſe both of them are pertinent to our preſent diſ. 
courie. 
Tus obſervation is this: that even in tranſparent gems, and which is more, of the 
ſelf-ſame ſpecies, I have ſometimes taken notice of ſuch an aggeneration or accretion of 
ſtoacs, to one another, as argues their having been produced at ſeveral times. For proof 
of this, I need no more than refer you to what I have not long ſince related about thole 
Corniſh diamonds, wherein, ſometimes, a lefler ſtone, though geometrically ſhaped, 
was found in good part incluſed in a greater, as well as in part alſo extant above l. 


Whence I argued, that the production of this aggregate of twa cryſtalline bodies mM 
no 
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not made all at once, but ſucceſſively, and that the leſſer was firſt formed, which I ſhall 


now confirm by this conſideration, That if the greater ſtone had been firſt hardened, 


the matter of the leſſer muſt only have exteriorly ſtuck to it, and been, as it were, im- 
boſſed upon it; but could not have made itſelf, in the ſubſtance of the greater, a bed 
or mold, eſpecially of ſuch a geometrical figure as itſelf had not yet received. 

Axp though this ſucceſſive generation of the parts of ſeemingly entire gems, may ap- 
pear to you ſomewhat new and ſtrange; yet, that its fitneſs and requiſiteneſs to explain 
the foregoing phznomena, and others to be hereafter mentioned, may the more recom- 
mend it to you; 1 ſhall add, that, perhaps, you may be aſſiſted to conceive, if not 
invited to admit it, by a mechanical illuſtration. For we ſee, in divers chymical ſolu- 
tions, as of ſalts, and other bodies, that there are certain ſtages, or periods, of coagu- 
lation; ſo that, when ſuch; a quantity of the ſuperfluous moiſture is exhaled, eſpecially 
upon any conſiderable refrigeration or other favourable circumſtance, thoſe. particles that 
are moſt diſpoſe! to coagulation, will convene, and ſhoot into cryſtals ; after which, no 
more will do io, till a farther and more conliderable evaporation of the water or other 
menſtruum, be made; upon which will enſue a new cryſtallization of the parts. And 
I can ſhew you the productions of a metalline but uncommon ſolution, that I ſo made 
in an appropriated liquor; that the firſt ſhooting afforded me a layer, or bed of curiouſly 
figured cryſtals, and the following another layer of fine cryſtalline bodies, that have 
faſtened themſelves to the former, but differ notably from them, both in ſhape and pol- 
ture. And in this experiment, the diſſolved body was but one, as the menſtruum but 
one ; but if there be a diverſity of nature in the liquors that make up a menſtruum, or 
in the bodies that are diſſolved in it, ſome of the corpuſcles may convene either apart 
with thoſe of the ſame nature, or mingle with thoſe of a differing nature, - but yer 
at the ſame time; and ſo make up cryſtals of a compounded nature; and ſome of them 
may convene with homogeneous particles, but at differing times; and ſo miis of ſuch 
uniformity as might elſe appear in their concretions. Which may be illuſtrated by what 
] have elſewhere related concerning the cry ſtallizations of ſalt-petre and ſea-{alt, diſſolved 
together in ordinary water; where, moſt commonly, grains of ſalt of reſulting figures 
are produced; and allo a conſiderable part of the ſea- ſalt coagulates in the form of im- 
perfect cubes, about the bottom, before the nitrous corpuſcles ſhoot into cryſtals of their 
own almoſt priſmatical ſhape. And I might further add, that it matters not, whether 
the ſuperfluous water be waſted by exhalation, or by being drained by a body fit to ſoak 
It up; as we have had occaſion to obſerve in accelerating the cryſtallization of ſome 
bodies, where 1 was not willing to employ the heat of the fire, by placing underneath the 
ſolution, dried earth, or ſome other porous and ſoaking body. 

Wirz ſome analogy to ſuch inſtances as theſe, we may conceive, that where there 
are perreſcent liquors, mingled with common water, there may, by divers accidents, 
and particularly an hot ſummer, a ſufficient diſcharge be made of the ſuperfluous moit- 
ture, to make the more diſpoſed parts of the petreſcent liquor to coagulate; and after- 
wards the coagulation may be ſuſpended, either by the ſupervening of a colder ſealon, 
as winter; or even in ſummer itſelf, by a plentiful rain, or the effect of it, a land- flood, 
which might check the progreſs of coalitions by over much diluting the liquor, that 
might elle have turned into ſtone. Not to mention, that trial hath aſſured me, that 
there are bodies, and thoſe of very diffcring kinds, which will, in tract of time, eſpe- 
cially if their coalition be furthered by cold weather, coagulate, after they have long 
remained in a fluid form, though the water, or other menſtruum, by being incloſed in 
llopped glaſſes, be kept from waſting. And ſince the earth harbours differing kinds of 


theſe liquors, as 1 have elſewhere ſhewn, and divers of them may be copiouſly impreg- 


nated, 
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nated, ſome of them with one ſort of mineral, and ſome with another; we may conceipe 
that they may have diſtinct periods for their reſpective coalitions, and yet may ſtick 
cloſe to one another; in regard that, though in our chymical cryſtallizations the artiſts 
are wont to take out of the veſſel what ſhoots the firſt time, before they make a freh 
exhalation of the water for a new cryſtallization, and by this means have the coagulated 
bodies that they obtain at one time more uniformly ſhaped ; yet in the hollow receptacles 
that the earth affords to petreſcent liquors, the veſſels continuing the ſame from firſt to 
laft, the uniformity of the bodies produced by coalitions, made at ſeveral times, muſt 
be leſs regular; and the manifeſt accretions or aggregates of coaleſcent bodies muſt, in 
all likelihood, be more frequent. And accordingly having ſuffertd the exhaling of ſome 
liquors to be continued in the ſame veſſel, I had coalitions of very differing bodies at the 
bottom. | 

WHrarT I was not long ſince ſaying, makes me remember, that, in order to a ſatisfac- 
tion, which the event gave me, of the conjectures I had about the ſucceſſive concretions 
of ſome ſolid fire-ſtones, that were not ſuſpected to be other than entire and uniform 
maſſes, I cauſed two or three, that I thought likely, and of very different ſizes and ſhapes, 
and brought from diſtant places, to be warily broken z which trial gave me the pleaſure 
of obſerving, that the internal texture of the leaſt of theſe minerals, which was almoſt 
ſpherical, was very differing from that of the more internal part of the ſubſtance of the 
ſtone ; and that in the other and greateſt mineral, there was a little globulous ſtone that 
manifeſtly was not of the ſame piece with the invironing maſs, differing from it not only 
in texture, but here and there by a diſcernible commiſſure ; though in moſt places, their 
adheſion was fo ſtrict, that we could not mike any ſeparation of the two minerals by the 
help of this commiſſure. The greateſt part of this double fire-ſtone I keep by me, and 
ſhali ſay nothing of what I further obſerved in it, having mentioned what I ſaid already 
but upon the by. | 

I M1cnT add, that in ſome circumſtances, even in cloſe veſſels, and therefore without 
any manifeſt exhalation of the water, or other menſtiuum, and, ſometimes, where the 
diſſolved body was homogeneous, I have, in proceſs of time, had coagulations, where 
the laſt formed cryſtals ſeemed plainly to have been generated by way of accretion to the 
firſt. | | | 

Difficulty. Having now done with my obſervation, I ſhall endeavour to clear a grand 
difficulty, which, I forcſee, may be objected againſt our hypotheſis ; namely, that theſe 
aggenerations, if I may ſo call them, of medicinal and other ſtones, are ſometimes found 
in places where there are no petrifying ſprings, and perhaps no iprings or other waters at 
all; nay, little or nothing but quarries or other maſſes of ſtone. 

Bur to this I anſwer, firſt, that if we admit of the relations that I elſewhere mention 
out of approved authors, concerning men and beaſts turned into ſtone by a petrifying 
ſpirit that ſuddenly invaded them, it will not be abſolutely neceſſary that there ſhould be 


any petreſcent ſprings, or other - læe water, to produce ſuch minerals as we are now | 


diſcourſing of. 
SEconDLY, for aught has yet been ſhewn to the contrary, we may ſuppoſe, that rain- 
water does ſometimes bring along with it ſuch petrifying particles as may ſerve our turn. 
In confirmation whereof, I ſhall add, that having, of a learned and judicious perſon, 
enquired after divers particulars relating to a famous hath, by him viſited in Hunger), 
whoſe water abounds very much with petreſcent particles, over which there is very hig 
building erected, | learned by his anſwers, among other remarkable things, that to the 
root, or upper part of this tall ſtructure, there were faſtened many long ſtony concre- 


tions (like thoſe wont to be employed to adorn grottoes) which he affirmed to be, _ 
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time to time generated there; not, as I at firſt ſuſpected, by the daſhing up of any 
drops of water (which he averred could not reach any thing near fo nigh) but by the 
copious petrific ſteams that being there checked in their aſcent, did, according to their 
natural propeoſicy, coagulate into ſtone, Whether this relation may warrant me to gueſs, 
that, in ſome places, ſtones may be generated without the help either of rain, or ſprings, 
by the aſcent of petrific particles, in the form of exhalations, from ſome lower parts of 
the earth; which exhalations, ſuffering the lighter ſteams that accompanied them to 
exhale, may operate upon ſome diſpoſed materials that they find in their way, and turn 
them into ſtone z whether, I ſay, this narrative may well fuggeſt this conjecture, I ſhall 
not now ſtay to examine, though the earthy and ſometimes ſulphureous ſediments that 
have been obſerved at the bottom of rain-waters, ſuffered to ſettle in clean veſſels, ma 
ſeem to favour itz and though alſo I might illuſtrate it by what I obſerved in a bottle of 
diſtilled liquor, whereof no part would naturally aſcend in a dry form; for having kept 
this phial well ſtopped in a ſafe and quiet place for a year or two, I obſerved, that the 
aſcending ſteams had quite pervaded the cork, and had formed, at the top of it, numerous 
whitiſh ſtiriæ, lender, but of a length that ſurprized me. | 
TaiRDLY, there is no neceſſity that in all ſoils where petrific waters are to be met 
with, there ſhould be petrifying ſprings, at leaſt above ground. For I have cauſed to 
be digged ſtore of figured and tranſparent ſtones in a certain earth that lay upon the upper 
part of a rock, and ſeemed to be a very dry ſoil; perhaps you will allow me to tell you, 
that I have, by pouring a ſolution of ſtony ſtiriæ, made with ſpirit of verdigris, on a 
convenient quantity of bolus Armenus, and ſuffering the foft mixture to remain in a glaſs 
in the open air, till the ſuperfluous moiſture was exhaled ; I have, I ſay, by this means, 
imitated in a little, - what I have been now relating, and found ſmall, but untinged and 
houred cryſtals diſperſed through the little cavities of the red earth. But it will be more 


conſiderable to our preſent purpoſe to add, that the faireſt and hardeſt petrifying wood 


that I ever had, or tried, was taken up by an ingenious perſon I employed in a plot of 
ſandy ground, where be could not find any petritying, or ſo much as any other ſpring. 
To which I know not whether I ſhould add, that ſuppoſing the ground to have been 
once morſtened with a lapideſcent liquor, whether brought thither by ſprings or any 
other way; one may, in our hypotheſis, well enough account for this difficult phæno- 
menon, that now and then, not only in the ſurface of the ground, and perhaps upon 
rocks themſelves, there are found aggregates of figured ſtones that ſeem to grow 
upwards, as it were, from a root; which much puzzle men to know how they came 
there, and may incline them to their opinion, who aſcribe vegetations to ſtones. But 
to this may be anſwered, that many of the concretions we are ſpeaking of may have been 
formed in wombs, that lay, though not deep, yet under ground, or in ſhallow cavities 
in the ſurface of it; and that after their formation, the looſer earth that ſurrounded 
them, may have been waſhed off, by rains blown off by winds, or otherwiſe removed, 
leaving behind them theſe ſtones that adhered firmly to a ſolid body. Beſides, if J had 
ume, I think it were poſſible for me to ſhew, that ſtony concretions might be produced 
by the mechanical action of the air, upon the ſtony particles that ſucceſſively apply them- 
ſelves to the matter, that firſt begins to coagulate, when they are ready to be forſaken 
by the moiſture that accompanicd thoſe particles, and was neceſſary to their due applica- 
tion to the caſual rudiments (which pals for roots) in imitation whereof, I have, more than 
once, obtained both from ſaline and ſtony ſolutions dry tufts of prettily figured, and 
diaphanous or white, but very ſlender ſtiriæ, if I may fo call them, that ſeemed to 
Sto Out of the ſolid glaſs, and made men wonder how they came thither, no water, 
or other liquor appearing near them. 


Vol. III. 4A FouvrTHLyY, 
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FovaeTHLY, It may very well happen that the petreſcent liquor may be ſo min led 
and diluted with ordinary water, as not to be diſtinguiſhed from it by the generality gf 
men, nor to be capable of diſcloſing itſelf by its effects, till either by the copious ry 
tion of the common water, or by ſome peculiar advantages it has to operate upon bodies 
it has opportunity to diſcover itſelf, On which occaſion I ſhall add, that there is 3 lake 
in the north of Ireland, wherein I could never hear but that fiſhes lived as well as in 
other lakes, and yet there are {ome rocks near the bottom of it, to which there faſten 
themſelves divers maſſes and other pieces of a finely figured ſubſtance, and tranſparent x; 
cryſtal; of which an eminent perſon, the chief owner of the lake, preſented me with 
ſome, and promiſed me more. Now, if we ſuppoſe that either by ſprings of petreſcent 
water, or by rains, or by ſubterraneal ſteams, or otherwiſe, waters reſting in any holloy 
place, though upon the top of rocks and mountains, ſhall be ſufficiently impregnated 
with petrifick particles; and that afterwards, in procels of time, the merely aqueous part 
ſhall be, by degrees, by the heat of the ſun, the ſoaking of the grounds, the winds, or 
the continual action of the air, brought to exhale away in the form of vapours, the 
petrifick particles, which are not ſo volatile, will turn the ſoil beneath them, and onthe 
ſides of them, as far as the ſphere of their activity reaches, into ſtone harder or ſofter, of 
this or that kind, according to the particular nature of the petreſcent liquors, and the 
ſtructure and other diſpoſitions of the ſoil they invade; in which ſoil, if there chance to 
be lodged bodies heterogeneous to it, whether vegetable ſubſtances, as roots, pieces 
of wood, gums, &c. of the whole bodies of animals, as toads, frogs, ſerpents, fiſhes, 


&c. or their parts, as ſhells, bones, &c. or minerals of an open texture, as bole, 


unripe ores; or elſe gems or ſtones of another kind already formed ; any of theſe thingy, 
or any other that ſhall chance to be lodged there, muſt be found either petrified, or 
incloſed in ſtone, when this changed and hardened ſoil ſhall come to be broken up. Nor 
is at all neceſſary, that this petrifaction of the extraneous bodies, and of the ſoil or bed, 


be made at once; for it may well be made ſucceſſively at ſeveral times, according as 


ſome parts of the petreſcent juice happen to be more copious and penetrant, and cone. 
quently more fit to be ſoaked in further than other. For, as the porouſneſs happens to 
be greater in one part of the ſoil, than in another; or, as the texture and diſpoſition of 
particular bodies, lodged in the earth, gives advantage to the petrifick particles to work 
on ſome of them, ſooner, or in a differing manner, than in others; ſo the induration of 
the pervaded matters may be very unequally made in point of time, as well as in other 
circumſtances, So that (to omit many other things explicable by it) we may, from what 
hath been already delivered, conceive how it may happen that medical ſtones of ver) 
differing colours, conſiſtencies, and operations (of which I have ſeveral by me, that! 
had from the ſame mineral maſs) may be generated, and ſeem entire bodies, though (as 
in ſome that I found) the difference is great, that ſo one part of the medical ſtone | 
dark, heavy, and opacous, and the other much lighter, tranſparent, and quite other- 
wiſe coloured, And upon the ſame principle may be explained, what I lately mentioned 
to you about the finding of diamonds encloſed in looſe ſtones and even in rocks; © 
which we have credible teſtimony, which ſeems not more ſtrange to me than a ſtone, 
which I have by me, which being a kind of pebble, contains in it a perfectly ſhaped 
ſ-rpent, coiled up, but without a head, which appears to have been formed before i 
ſtone, in regard, that in the upper and lower parts of the ſolid ſtone there arc co 
left, which together make up one cavity, juſt of the ſize and ſhape of the contained body; 
to which, as it was eaſy for the matter of the ſtone, whilſt it was yet a ſoft body, 
accommodate itſelf exactly; ſo it is ſcarce conceivable, how, if the pebble had been it 


formed, the incloſed animal, if it were one, or the matter whereof the wen = 
alter 
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ofrerwards was formed, ſhould not only get in, but find a cavity ſo curiouſly ſhaped, and 
ſo fitted to its bulk. And that this variety was produced at ſeveral times, might be fur- 
ther argued from this, that the ſeeming ſerpent is plainly of another and clearer kind of 
one, than that of the mould that encompaſſes it; and of the mould itſelf, one part, 
contiguous to the included body, is whitiſh, and abounds in ſhining grains or flakes; 
in both which, it differs from the other and far greater part, And now it will be time 
ro haſten to the 


Firra conſideration, which is, that, for aught we know, in thoſe very places, where 


now there is nothing to be ſeen but looſe ſtones, and perhaps beds of ſtones themſelves, - 


that in thoſe very places, I ſay, there may in times paſt have been petreſcent liquors, 
whether ſtagnant or running. For, I elſewhere “ ſhew (to another purpoſe) that earth- 
quakes, inundations of ſeas and rivers, ſinkings of ground, encroachments of the land 
on the water, fiery eruptions, and other ſuch accidents (ſome related by authentick authors, 
and others happening in our own times, in places, ſome of which I had the curioſity to 
ſee) have, among other odd effects, been able to dry or choak up pools and Jakes, and 
to ſtop and quite divert the courſe, not only of ſprings, but of rivers, ſo as to leave no 
footſteps of them, where they plentifully lowed before. Upon the ſcore of which tranſ- 
poſitions of notable quantities of terreſtrial matter, and other great changes of the 
ſtructure and diſpoſition of the ſoil in divers places, it may well be ſuſpected, that the 
ſtony wombs or moulds, wherein the above-mentioned bodies were found, were hereto- 
fore, at ſome time or other, of a muddy or earthy nature, and were receptacles of petreſ- 
cent liquors, which, at ſeveral times, turned the whole maſs of the ſoil into ſtone, be- 
fore the ſprings, or other waters, containing the petrific liquors or ſpirits, were quite 
conſumed, or had their courſe altogether diverted. But though I could ſay much more 
to confirm and apply this, and the preceding conſiderations, yet having ſpent ſo much 
of my time already, I ſhall not only leave all that unfaid, but, to make ſome amends for 
having ſtaid fo long in clearing this difficulty, I ſhall do little more than name the two 
remaining arguments, 

Arg. III. It agrees very well with what we were formerly ſaying (in the firſt argu- 
ment) about the great ſpecifick gravity of ſuch, as the newly-mentioned ſtones, in com- 
pariſon of that of white marble, or tranſparent pebbles, that it ſhould be poſſible, out 
cf thoſe minerals, to extract ſome of that ſubſtance, whether metalline, or of kin to it; 
upon whole account, I told you, 1 ſuppoſed them to be ſo ponderous. And accordingly 
| ve have, by appropriated menſtruums, obtained from the fore- mentioned bodies, and 

not from thoſe only, ſolutions or tinctures, which, beſides that, by their colour or taſte, 
they diſcover themſelves, did, upon their being dropped upon a ſolution of galls, or 
lome other convenient liquor, or upon their being examined by other proper ways, 
produce ſuch changes of colour, or ſuch determinate phænomena, as argued them to 
abound with metalline, or mineral particles, which, for the moſt part oi them, I ob- 
ſerved to be of a vitriolate nature; ſo I found, that the ſolution of a blood-ſtone, which 
talted very rough upon the tongue, would, with the infuſion of galls, make an ink 
mixture z and the like would alſo be made with load-ſtone, emery, marchaſites, &c. 
opened with corroſive menſtruums. But the ſolution of lapis calaminaris, which was of 
a golden colour, did not operate like the reſt on the infulion of galls ; but yet by its 
talte, as well as colour, ſufficiently diſcovered itſelf to have copiouſly impregnated the 
menttruum. And now the mention of lapis calaminaris minds me, to take thence an in- 
| Rance of what I lately intimated, that there may be other ways, beſides that of diſ- 


In an ez amen of an experiment urged for the magnetiſm of the earth: 
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ſolutions in proper menſtruums, to ſhew, that ſome medicinal ſtones participate of me. 
talline and mineral ſubſtances. For it is by melting lapis calaminaris with copper, and 
keeping them together for a competent while in fuſion, that brafs is made; wherein the 
red colour of the copper is changed into a golden one, and the abſolute weight (for! 
ſpeak not of the ſpecifick gravity) conſiderably increaſed. Nor 1s this the only mineral 
ſtone, from which I have, by a way quite differing from thoſe I have yet mentioned 
namely, with running mercury, obtained a metalline ſubſtance. And though native Py 
nabar, uſed by eminent phy ſicians both inwardly and outwardly, be looked upon by 
the vulgar as only a red ſtone ; yet it is known, in the quickſilver mines of Friul, 


And ſome other places where it abounds, that it is a mercurial ore, whence, by yehe. 


ment fires, they diſtill running mercury, which we, by moderate ones, have ſometimes 
done. 

Bur here perhaps it may not be improper to tell you, that though before any admo- 
nition given men of the expediency of examining ſtones hydroftatically, I could not re- 
ceive from others, yet I made againſt myſelf the following objection, that there are 
ſome ſtones, to which uſeful qualities are aſcribed, which are either not at all heavier in 
ſpecie, than is requiſite for a ſtone, as ſuch, to be; or ſo little heavier, that it is no 
way likely, that metals, or any ſuch ponderous minerals, ſhould contribute either to 
their productions, or their virtues. | | 

In anſwer whereunto, I thought it may be ſaid in the firſt place, that our hypotheſis 
does no way oblige us to deny, that there may be ſuch ſtones. For though it aſcribes 
the virtues of moſt gems, and metalline ſtones, to the metalline and ponderous mineral 
ſubſtances they partake of, yet the conceſſion agrees very well with our doctrine ; which 
(as will in the fourth argument be more manifeſted) ſpeaks in general, when it teaches, 
that the virtues of ſtones may, in many caſes, depend upon their conſiſting not of a pure 
petreſcent ſubſtance, but a ſubſtance impregnated with other minerals, which, though 
moſt commonly they prove ſpecifically heavier than the petreſcent matter, as ſuch, 
without being the leſs, but rather, in ſome caſes, the more operative and communicative 
of their virtues ; yet, in divers ſtony concretions, the adventitious ingredients may be 
ſpecifically lighter than the genuine matter of the ſtone; as may be eaſily gathered from 
ſome paſſages of the foregoing diſcourſe. For, not here to urge, that divers bodies, 
that paſs for ſtones, do abound in particles of ſalt, which may be much leſs heavy than 
pure ſtone of the like bulk, I have obſerved, that ſome other hard foſſils abound with 
a kind of bitumen, which, when by diſtillation brought to an oil, is much leſs heavy 
than a ſtone of the ſame bulk. And, as I remember, I have had ſome portions of ſuch 
oil, that would ſwim even upon common water; and, left this ſhould be aſcribed to 
the ſubtilization, the bitumen received from the fire, I will add, that having hydroſtati- 
cally weighed a piece of good aſphaltum, we found it to be to water of the ſame bulk, 


but as 1, and ſomewhat leſs than 2 to 1. Which was within a tenth of the propor- 


tion to water of a ſtony, though a bituminous foſſil, commonly called in England Scots 
coal. And becauſe ſulphur, as well as bitumen, is very apt (and indeed, more apt, 
than before trial I expected) by even a moderate heat, or attrition to diffule its ſteams 
(uſually rank-ſcented enough) I ſhall add, that there are variety of hard ſtones, which 
abound in ſulphur : (witneſs, that in ſome places they obtain their common brimſtone 
by ſublimation thence) and yet having weighed a roll of brimſtone in air and water, [ 
found it to be but a fraction ſcarce worth mentioning above double its weight to the I 
quor; which ſhews it to be much lighter in ſpecie than cryſtal itſelf. 

Ax improvement of this firſt anſwer may furniſh me with the ſecond. For hence ve 


may argue, that it is not impoſſible, that the principal virtue of a light 1 
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ſhould be due to ſome mixture of a metalline, or the like ponderous ſubſtance ; ſince, if 
ſome of the ingredients, that are plentifully mixed with the true ſtony matter, be of 
the lighter ſort, though there be alſo ſome metalline, or other heavy mineral particles 
mingled with the ſame matter, yet the ſpecific levity of the one, in compariſon of this 
matter, may compenſate the ſpecifick gravity of the other; and they may all compoſe 
a ſtone, either leſs, or not more ponderous than white marble. On which occaſion, I 
remember, not only that I found a blackiſh Eaſt-Indian flint, and likewiſe a black Eng- 
liſh one, to have to water not full the proportion of 2 5% to one, but that one of the 
firſt pieces of black marble, that I examined hydroſtatically, was found, notwithſtanding 
the darkneſs of its colour, to be to water of the ſame bulk, ſcarce any thing more than 
2 ＋ to 1, which, you may remember, was the proportion I found between white mar- 
ble and water, unleſs we ſhould ſay, that this blackneſs of colour proceeded, not fo 
much from any groſs bituminous matter, imbodied with that of the ſtone, but from 
ſome mineral ſmoke that had pervaded it. And this puts me in mind of ſpeaking 
ſomething in this place about what might properly enough have been diſcourſed of long 
ago, | | 
1 I ſhall ſubjoin, in the third place, that it ſeems not impoſſible, that the 
matter, which medical ſtones are made of, may, before it comes to be hardened, derive 
various colours, and be imbued with virtues by ſubterraneal exhalations, and other 
ſteams. This, I fear, you will think ſomewhat ſtrange, and therefore I ſhall briefly en- 
deavour to confirm it by the mention of two or three particulars. 

Tnar then many places of the lower part of the earth emit copious exhalations into 
the upper, and even into the air itſelf, I preſume you will grant, and I have elſewhere 
proved it, That alſo ſuch ſubterraneal ſteams will eaſily mingle with liquors, and im- 
bue them with their own qualities, may be inferred from the experiment of mixing the 
gas (as the Helmontians call it) or the ſcarce coagulable fumes of kindled and extin- 
guiſned brimſtone, with wine, which is thereby long preſerved. And I have elſewhere 
mentioned, how I have incorporated this ſmoke with other liquors, wherein I obſerved 
its operations to be notable, 

THar beneath the ſurface of the earth there may be ſulphureous, and other ſteams, 
that may be plentifully mixed with water, and there, in likelihood, with lapideſcent 
liquors, I have alſo manifeſted in another“ diſcourſe, 

Tnar quickſilver may be in part reſolved into fumes by leſs fires than many of thoſe 
that burn under ground, will be readily acknowledged by chymiſts and gilders, and is 
obvious in the fumigations employed in the cure of the lues venerea. And that mercury 
may in the bowels of the earth be fo diſguiſed, and well mixed with ſtony matter, as to 
go whole concretion to paſs for ſtone, may be obſerved in ſome kind of native 
cinnabar. 

Tnar ſal armoniac, of which, in ſome places, there is to be dug up ſtore, will with 
a moderate fire be made to aſcend in form of exhalations, is vulgarly known, as to the 
factitious ſalt of that name; and I have found it to hold in the native. That common 
ſal armoniac, ſulphur, mercury, and tin, will be ſublimed into a gold-like ſubſtance, that 
participates of moſt, if not of all the ingredients, may appear by the account 1 have 
cllewhere given of the way, I uſed, in making aurum muſicum: and that cv:n guld 
tclt, the heavieſt and fixedeſt of the bodies we know, may, by no great proportion of 
additament, and that with but a moderate fire, be made to aſcend in the forin oi lwmes, 
or even of flame, I have ſeveral times tried, by ways eliewhere delivered. And that 
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mineral exhalations may be met with in the bowels of the earth, is witneſſed by the re. 
lations of divers credible perſons, converſant about minerals, that affirm themſelves to 
reſtify what they write upon their own obſervation, to which ſome things, that 1 had 
ſeen myſelf, did the more incline me to give credit. And this copious aſcenſion of mineral 
fumes, and even of metalline ones, may be much confirmed, not only by what i 
written by profeſſed chy miſts, but by the learned and curious Jobannes Kentmannus, who 
in the uſeful catalogue of the Miſnian foſſils he had collected, amongſt the pyritz er 
fire-ſtones, reckons one, whoſe title is, Pumicoſus, & ab exbalatione ardenti nigro color 
tinctus; and another whoſe inſcription is, Coloris argenti, qui ab exbalatione viroſa color; 
cinereo eſt tinFus. The ſame may be further confirmed by what I have ſomewhere met 
with, as related in terminis by the learned Cabæus, that he found in the territory of 
Modena. | 

To bring this home to our purpoſe, ſince there are mineral exhalations of very differ. 
ing kinds, diſperſed in divers places under ground, and fince there are ſeveral volatile 
minerals, as arſenic, orpiment, ſandarach, &c. that are very actively hurtful ; there may 
be others endowed with medical qualities, and the exhalations of ſuch minerals, either 
alone, or mixed with petreſcent liquors, pervading duly-difpoſed earths, and boluſſes, 
and other fluid, ſoft, or open ſubſtances, before their induration, may endow them with 
medicinal and other qualities. h 
Nav, when I recall to mind the old phænomena, that I have partly obſerved, and 
partly received from credible teſtimony, about the coalitions, mixtures, tinctures, and 
the emanations, as it were, of thoſe tinctures in metalline, ſtony, and other foſſile concre- 
tions; I dare got peremptorily deny, but that even after ſubterraneal bodies have obtained 
a conſiderable degree of induration, and perhaps great enough to make them paſs for 
ſtony ones, there may be ſubterraneal ſteams ſubtle enough to penetrate, tinge, and 


other wiſe impregnate them. Which you would think the leſs impoſſible, if you reflect 


upon what I juſt now related out of Kentman ; and eſpecially, if I had time to add here, 
what I remember I elſewhere delivered about my trials to tinge native cryſtal with differ- 
ing colours, by the fumes of volatile minerals. And that a very ſmall proportion of a 
metalline ſubſtance, reſolved into minute particles, may ſuffice to impart a tincture to 
a greater quantity of other matter duly diſpoſed, may appear, by thoſe factitious gems, 
wherein, with three or four grains of a ſkilfully calcined metal, or ſome ſuch mineral 
pigment, we may give the colour of a natural gem to a whole ounce, or more, of vi- 
trified matter. And I remember, that in ſubtiler fluids, I have made the inſtance by 
vaſt odds more conſpicuous, having tinged with one grain, or leſs, of a prepared metal, 
as gold or copper, as much ſucceſſively generated phlegm, as, if it could have been all 
preſerved, would have amounted to a bulky lump of deeply-coloured matter. 

Bur your allowing the heſitancy I have expreſſed in this laſt paragraph is not neceſſary 
to my preſent purpoſe ; wherefore I ſhall not borrow any thing to countenance it from 
another paper, but paſs on to what remains. | 

Arg. IV. Tu laſt thing that I ſhall repreſent, to ſhew that the virtues of opacous 
g-ms, and medicinal ſtones, may be more eaſily, than thoſe of tranſparent ones, ac- 
counted for in our hypotheſis, 1s this, that the main ingredients, whereof many ſuch 
opacous ſtcnes conſiſt, were complete mineral bodies before they became ſtones ; ſome 
of them having been medicinal boluſſes, or the like earths ; ſome earths abounding with 
metalline or mineral juices ; ſome, ores of metals, or minerals of kin to metals; and 
ſome, in fine bodies of other ſorts, or natures, differing from-theſe and one another. 
For all theſe ſeveral kinds of foſſils may, by the ſupervening and pervaſion of petrific 


ſpirits, be turned into ſtone; and conſequently retain many of the virtues, they 48 
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jodowed with by the mineral corpuſcles, that had copiouſly, either under the form of 
liquors, Or exhalations, impregnated them, whilſt they were yet earths, or other bodies 
of a more open or penetrable texture, | 

1 11GnT illuſtrate this by the way I elſewhere mention, whereby I made ſuch mix- 
tures, even of ſtony and metalline ingredients, that, notwithſtanding their coalition, 
were tranſparent z though you will grant that to be more difficult, than to compound 
ſuch concretions when one is allowed to make them opacous. 

Bur here I muſt obviate an objection, which I foreſee may be made againſt our pre- 

ſent fourth argument, unto which, even what 1 have been now ſaying, may afford a 
riſe, For ſince it ſeems by our doctrine, that gems may be but magiſteries, and con- 
ſequently but ſuch compoſitions, as, though made in the bowels of the earth, might be 
made or imitated by human ſkill, it may cem very improbable to many, that bodies ſo 
near of kin to artificial ones ſhould be endowed with ſuch peculiar, and, ſome of them, 
with ſuch ſtrange virtues, as are aſcribed to divers gems, and are thought to be capable 
of lowing only from certain ſubſtantial forms, and thoſe very noble ones too. 
To this I might reply, that I admit not any ſuch imaginary beings as the Peripatetic 
forms, which, I fear, they will never be able to demonſtrate. But to avoid unneceſſary 
diſputes, I will rather anſwer in ſhort, that ſuch compoſitions, as are called artificial, 
may, for all that, be endowed with great virtues, and ſuch as are called ſpecifick ; wit- 
neſs the virtues of many chymical preparations, even of thoſe that are uſed by phy ſi- 
cians of all ſorts. And leſt you ſhould think, I need to fly to chymiſtry, of which 
ſome learned men are pleaſed to have a great diſtaſte, I will name a couple of inſtances 
out of Galen himſelf ; the one is the alhes of cray-fiſh, to which, notwithſtanding the 
deſtruction that has been made of the priſtine body by fire, he gives a greater commen- 
dation againſt the as ſtrange, as fatal poiſon infuſed by the biting of a mad dog, than he 
does either to the fiſh itſelf unburned, or to any medicine of nature's own providing; 
and I hope, you will grant a virtue of that kind and degree to be ſpecifick enough. My 
other inſtance ſhall be taken from treacle, which, though allowedly a factitious body, 
and conſiſting of I know not how many ingredients ſhuffled together, was yer, in the 
days of Galen, to whom a book is attributed about it, and ever ſince has been, the 
famouſeſt antidote, in theſe parts of the world, and has been celebrated, not only for its 
alexipharmical virtues, which alone are ſufficient to intitle it to ſpecifick ones, but for 
divers others, which are generally aſcribed to it, ſome indeed upon the ſcore of manifeſt, 
but others alſo upon that of occult qualities. 

Tae objection being thus diſpatched, we may return to our medicinal ftones, about 
which I ſhall venture to add, that, according to our way of explicating the production 
of them, a not impoſſible ſolution may be offered of this difficult phznomenon ; that 
ſometimes ſtones, that are thought, without ſcruple, to be of the fame kind (as hath 
been particularly obſerved by learned men of the lapis nephriticus) are of ſuch different See Lese- 
qual.fications, that ſome of them prove very conſiderable remedies in cafes, where others de ne- 
prove almoſt utterly ineffectual. And I have obſerved alſo, though very rarely, that a Piritide. 
medical ſtone may have virtues, that are taught to be the properties of ſtones of another 
kind. For, according to our hypotheſis, when the ſtony matter is impregnated, as it 
ought to be, with thoſe minerals, that in the ordinary courſe of nature belong to that 
ſpecies, its virtue will be ſuch, as it ſhould be for kind, but for degree may be very va- 
rious, anſwerable to the plenty, purity, ſubtlety, &c. of the mineral that impregnates it. 
But if the ſtony matter chance to be imbued with ſome other ſubſtance of a contrary na- 
ture, though, perhaps, the proportion of it may be fo ſmall, and the colour of it ſuch, 
as not to make an alteration in the ſtone obvious to ſenſe, and great enough to make it 
judged 
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judged to be of another ſpecies z yet it may fo vitiate the matter, wherein its expected 
quality reſides, or check and infringe its operations, as not to leave the ſtone any confi. 
derable degree of virtue. And on the other (ide, if it happen, that the mineral cor- 
uſcles, that are wont to impart a certain virtue to the ſtony matter of one gem 
ſhould, by ſome lucky hit, be ſo united with that of another ſort of gems (of which 
caſe I formerly gave an inſtance in green diamonds) though the quantity of this unuſual 
ingredient may be but very ſmall, yet, if its efficacy te great, it may ennoble the ſtone 
with a notable degree of ſome ſuch virtue, as is ſuppoſed not to belong to that ſpecies, 
but to another, 5 
Axp on this occaſion I ſhall add, that I know a gentleman, a profeſſed ſcholar, 
who to the eye ſeems to be of a complexion extraordinary ſanguine: this perſon was for 
a long time fo troubled with exceſſive bleedings at the noſe, that notwithſtanding all 
the remedies he could procure in an academy of phylick, where he lived, he was divers 
times brought to death's door; till at length his caſe growing very famous, there was 
ſent him by an ancient gentlewoman a blood-ſtone, about the bignels of a pigeon's 
egg, with an aſſurance, that it had done ſcarce credible cures in his diſeaſe, by being 
worn about the patient's neck. Upon the uſe of this ſtone he quickly recovered his 
health, and had long enjoyed it, when I converſed with him, but yet ſo, that when he left 
it off any conſiderable time, his diſtemper would return. And when I ſeemed to ſuſpect, 
that imagination might have an intereſt in the efficacy of his remedy, he anſwered, that 
he was very well ſatis fied of the negative; and particularly upon this trial, that he had, 
by the hands of a third perſon, that lived not far off, and whom he named to me, ſtop- 
ped a hemorrhage in a neighbouring gentlewoman, whom the violence of the diſtemper 
kept from knowing, that any thing had been applied to her, till a pretty while after the 
blood was ſtanched. I ſhall not here mention other inſtances, though very remarkable, 
of the efficacy of this ſtone, which I had, both from the gentleman itſelf, and an inti- 
mate friend of his, who is a very learned man and a phyſician z becauſe I have faid 
enough to make it ſeaſonable for me to tell you, that notwithſtanding all the odd opera- 
tions of this ſtone, when I came to look upon it, it was fo differing in colour and tex- 
ture from what I expected, that I ſhould have taken it much rather for a gem of ſome 
other ſpecies, than a blood-ſtone. 


To confirm ſome of the particulars comprized in this our fourth argument, and ſhew 


the variety, and ſometimes great plenty of mineral and other ſubterraneal matters, that 
may concur to the compoſition of bodies, that paſs for ſtones ; I ſhall obſerve, that the 
ſubtility and penetrancy of ſome liquors, if duly conſidered, may evince it to be poſli- 
ble, that ſuch bodies ſhould be petrified by them, and with them, as may in part conliſt 
of animal and vegetable ſubſtances, as in petrified ſkulls, bones, and pieces of wood: 
and we ſee, that ſoft ſtone, which is plentifully found near Naples, and commonly called 
the lapis lyacurius, being rubbed a little and moiſtened with water, and then expoſed to the 
ſun in a due ſeaſon of the year, will, in a very ſhort time (as eye-witneſſes have aſſured 
me) produce muſhrooms fit to be eaten; as if even the ſeminal principles and rudiments 
of vegetables may be ſo preſerved in a petrified earth, as to be able to diſcloſe them- 
ſelves, when they find an opportunity. To which agrees well what an eminent perſon, 
maſter of ſome of theſe ſtones informs me, that they now and then find them of a vaſt 
bigneſs, as if whole maſſes of earth, pregnant with the prolifick principles of muſhrooms, 
were, by ſome ſupervening, but not very potently hardening petreſcent liquor, turned 
into ſtone. | | 

Arp not only there may be boluſſes, ſealed earths, and ſuch like foſſils, that are com- 
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earths, ſubject to be petrified, may have medicinal and ſubtle particles of ſuch a kind 
in them, as ſcarce any body would expect. But to omit inſtances, belonging to ano- 
ther paper, I have vilited a certain clay-pit in a waſte piece of ground, in which, at a 
conſiderable depth from the ſurface of the earth there lay a bed of clay, which by diſ- 
tillation yielded ſome acquaintances of mine a ſalt fo volatile and ſtrong, and fo differ- 
ing from other ſubterraneal ſalts, that my examens did not diſcover the manifeſt quali- 
ties of it without ſome wonder; and the owners of it (perſons curious and rich) did 
themſelves uſe it as well as give it in phyſick, and cried it up for an excellent cordial, 
and a great opening and diaphoretic medicine. | 

Taar ſublimable ſalts, ſulphurs, bitumen (bodies, that communicate enough of their 
virtues) may be met with in the bowels of the earth, I have elfewhere ſhewn : and that 
ſuch ſubſtances may be found in bodies that paſs for ſtones, I have been mduced to 
think by the chymical examen, that I purpoſely made of ſome ſuch concretions, parti- 
cularly of that folid and heavy one, that is commonly called Scotch-coal, from whence 
I obtained by diſtillation (wherein I ſomewhat wondered, other mens curioſity did not, 
as far as l knew, prevent me) a good proportion of oil or liquid bitumen, and no ſmall 
number of ſaline particles, that ſeemed to be of an uncommon nature, 

Taar metalline particles may concur io make up a body, that paſſes for a medicinal 
ſtone, may appear by native ſulphur, which is itſelf a compounded body, beſides a 
good proportion of mineral earth, | | 

I nap thoughts not to make an end of this diſcourſe, without mentioning to you ſome 
attempts that I partly deſigned, and partly made, to illuſtrate ſome paſſages of it by 
purpoſely contrived experiments, whereof ſome were unprofſperouſly, and others not al- 
together unſucceſsfully tried. But not having the minutes of them by me, and not 
daring to truſt my fingle memory in experiments ſo nice, and ſo long ſince made as 
thoſe were, 1 ſhall here put an end to your trouble; eſpecially ſince at length I per- 
ceive, that the forgetfulneſs of my firſt intended brevity has miſled me ſo far beyond 
the bounds of it into excurſions, whereinto the unforeſeen connexion of things una- 
wares engaged me, that I ſtand in need both of your pardon and my own ; of yours, 
for having exerciſed your patience with a prolix diſcourſe ; and of my own, for having 
receded from my cuſtom, by contributing to that prolixity, and by expatiating upon 
conjectures; to which the more I conform to my own practice, the leſs J am indulgent : 
though theſe may be the more pardonable, becauſe I have propoſed them but as gueſſes, 
not peremptory aſſertions, much leſs phyſical demonſtrations, And if Ariſtotle himſelf, 
where he gives an account of phenomena appearing above the ſurface of the earth, 
ſcrupled not to think he had done enough, if he had ſhewn how ſuch things may be 
produced; I hope it may be tolerable in me, who treat of things, that nature does pri- 
vately in her dark and ſubterraneal receſſes, to have offered accounts, that are poſſible, 
if not probable. And yet J ſhould have ſpent much leſs of my diſcourſe upon conjec- 
tures, ik | had not ſeen that they gave me riſes to bring in more of natural hiſtory, than 
I could elſe decently do. But after all this, I confeſs to you (though you may think 
it a paradox) that one of the main cauſes of the prolixity of theſe papers was my haſte, 
and that experience hath taught me on this occaſion (as well as on ſome ethers) that there 
may be more truth, than there is likelihood, in the gentecl conceit of a French ſecre- 


tary, that ſaid, he had written his friend a long letter, becauſe he had not leiſure to write 
bim a ſhort one, | | 


Vol., III. 4 B TRACTS. 


A E 
CONTAINING 


NEW EXPERIMENTS, touching the Relation betwixt 
FLAME and Air, And about ExeLosions. i 


T 8. 


An HY DROSTATIeAL Dis couxs E, occaſioned by ſome Ob- 
jections of Dr. Hexnzy Mon againſt ſome Explications of Nav 
EXPERIMENTS made by the Author of theſe Tracts. 


TO W HIGH IS ANNEX ED 


* 
„ 
„ 5 


An Hy DROSTATICAL LETTER, dilucidating an Experiment 
about a way of weighing Water in Water. 


NEW EXPERIMENTS, 
Of the Pos rrIivE or RELATIVE Levity of Bodies under Water, 
Of the Alx's S RING on Bodies under Water, 


About the Dir EIN G PRESSURE of heavy Solips and FLurps. 


aw - ib 5a bo - * 1 > 
_ ng morgan wg + 


* 


N 


* A 
. — 2 8 


= * 
— a ons LS 6 
* 3 


_ 


— 


The PUBLISHER to the READER. 


T will, it is preſumed, be altogether needleſs to preface any thing by way of com- 
mendation to the following Tracts; they will certainly commend themſelves by their 
own worth to the intelligent and attentive reader, who might have ſeen them ſoont, 

if the preſs had not detained them longer than was expected; fince, to the publiſhers 
knowledge, they were ready in the year 1671, except the hydroſtatical diſcourſe, ard 
the explication of the author's experiment of weighing water in water, the former o 
which was finiſhed in the beginning of this year 1672; though the latter could not be 
ſo till near the end of the ſame year, viz. the month of February, Engliſh ſtile, becaulc 
the book of Mr. George Sinclair's Hydroſtaticks, in which it is excepted againſt, came 
not, I think, before that time to Londen ; I am ſure, not to the view of the honourable 
Author, Farewel, 1 = y 
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NE W EXPERIMENT S 
F L A M E AND AL 
Saur in a LETTER 


To the Learned Publiſher of the PHILOSOHICAL Trans actions. 


SIR, 


OU may have obſerved, as well as I, that ſince the publiſhing of the experiments 
I ſent you touching reſpiration, divers of our learned men have ſpent both thoughts 
and diſcourſes in inquiring and diſputing, whether there reſides in the heart of animals 
ſuch a fine and kindled, but mild ſubſtance, as they call a vital flame, to whoſe preſer- 
vation, as to that of other flames, the air (eſpecially as it is taken in, and expelled again 


by reſpiration) is neceſſary. This, among other conſiderations, makes me think it ſea- 


ſonable (though many avocations make it inconvenient) to complete the performance 
of the promiſe I made you, by adding to the experiments about reſpiration, which your 


commands have already obtained of me, thoſe icattered notes, that I have been able to 


pick up about the relation betwixt flame and air. And though, I confeſs, they are very 
much inferior in number to the trials about reſpiration ; and, that in making them it 
was not ſo much my deſign to complete an entire and diſtinEt tract, though but a ſmall 
one, of ſuch experiments, as to gratify my own curioſity in the examining of a paradox 
or two I had been writing about flame; yet the nobleneis of the queſtion now under 
debate, and their pe:tinency to it, will poſſibly keep them, as few as they are, from be- 
ing uſcleſs, And that alſo they may be the better kept from being unwelcome, I have 
choſen to make myſelf a relator of matters of fact, without engaging with either of the 
litigant parties in a controverſy, wherein I am the leſs tempted to be partial, becauſe [ 
have not formerly declared my opinion about it, and at preſent, I fee, on either ſide, 
perſons, for whom I have no ſmall reſpe& and kindneſs. 

AnD now, Sir, that you may not expect in the following papers ſuch a number and 
variety of experiments, as I might perhaps be able to preſent you with, on ſome 
more tractable ſubject, I ſhall briefly mention to you ſome of the chief difficulties I 
met with in the making of theſe z which I do the rather, that if you and your ingenious 
friends have a mind to proſecute ſuch trials, you may not be ſurprized with the difficulties 
1 have met with; but provide at leaſt againſt thoſe foreſeen ones, by which you will ſcarce 
fail to be encountered. 
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I sHALL then inform you, that the enſuing experiments were rendered uneaſy ang 
troubleſome to me by this; that ſome of them could not be conveniently done at al 
ſeaſons of the year, nor in apy ſeaſon in all weathers, but muſt be made not only in the 


day-time, but in ſun-ſhine days. You will eaſy gueſs, that I ſpeak of thoſe experime 


that are to be made by the help of a burning-glaſs, caſting the reflected or refracted 
beams of the ſun upon the combuſtible mat: er placed in the exhauſted receiver: for 
reaſon of the interpoſition of ſo thick a glals, whereby many of the incident beams of 
light are reflected, and others inconveniently refracted, there is ordinarily requiſite 
clear day, and a competent height of the fun above the horizon, and ſometimes ao 2 
convenient time of the year, to bring ſuch experiments, as we were ſpeaking of, 10 , 
fair trial, Not to take notice, that in ſuch attempts there uſually intervene circumſtag. 
tial difficulties, not ſo e:ſy to be foreſcen : and it not being ſummer, when I had Occa- 
ſion to make the following experiments, I could make but very few with the ſun. 
beams; beſides that there are divers others, which are not that way to be made ſo con- 
veniently, if at all, as by the help of the fire. : 
Bor though the trials of this ſecond fort had their conveniencies, in regard they 
might be made in any weather, and as well by night as day ; yet they were not unat- 
tended with peculiar inconveniencies ; ſome of which you will eafily diſcern by the men- 
tion of them, that was neceſſary to be made in ſome of the relations themſelves, Ang, 
beſides more particular and emergent difficulties, there was this in general, that rendered 
theſe experiments troubleſume ; that, whether I made them in larger receivers, or in 
ſmall, or in middle- ſiaed ones, each of theſe caſes had its inconveniencies : for very large 
receivers, beſides that it was very toilſome and tedious to empty them of air, required 
ſo much time for the exhauſtion, that too frequently, by that time the operator had 
done pumping, the included, or other heated body was grown too cold to perform the 
deſired effect: and if the receiver were not conſiderably large, than the red-hot iron, or 
ether included body, that was to burn the combuſtible matter, would much endanger 
the breaking of the over-heated glaſs, and not afford room enough for ſome phæno- 
mena te be fairly exhibited in; and, beſides, create another difficulty, to which we 
found middle-fized receivers alſo obnoxious : for, ſeveral times, when the experiment 

uired an intenſe heat within the receiver, then (eſpecially if fome caſual obſtacle hin- 
dered the quick exhauſtion) the heat of the 1gnited iron, or ſome ſuch. other included 
body, would ſo melt or ſoften the cement that faſtened the receiver to the engine, 
that, when the glaſs was brought to be well exhauſted, and ſometimes alſo before, the 
external air would, by its preſſure and fluidity, ſqueeze or thruſt in ſomewhere or other 
the yielding cement, and thereby cauſe in the inſtrument a leak, that would much in- 
commodate us, if not reduce us to begin the experiment again, inſomuch, that, for 
ſome trials, we were fain to provide a cement on purpoſe ; the leaſt fuſible, that we 
uſed on other occaſions, being yet found too fuſible on theſe. | 

Nog were thoſe J have already mentioned, the only difficulties and impediments I met 
with in making experiments about flame and air; but I ſhall not here trouble you with: 
them in this place, where it may ſuffice for me to have mentioned thoſe, that are of a: 
more general nature, and are like the moſt frequently to occur, 


Bur though I declined to name any other to you, than the foregoing difficulties in 


making the following experiments; yet J muſt not omit to take notice of one, that 
may occur to you about judging of them. For, in- thoſe trials that require to have an. 


ignited iron or any ſuch thing included in the receiver, it would uſually happen, that ſo 


much heat would rarefy the air ſhut up in the mercurial gage, and conſequently inable 
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xt, upon the mere account of ſo much ambient air * ne. this would happen, I 
fay, before the heated receiver was well exhauſted ; ſo that, if one be not aware of this, 
r will be obvious, by looking on the page, to conclude the receiver to be well emptied, 
before it really is ſo. And therefore the ſafeſt way in theſe caſes is, to continue to pum 

(without truſting to the ordinary marks) till you ſee, that the mercury will be no further 
depreſſed in the ſcaled leg of the gage; though otherwiſe, by concurring ſigns, one 


that is verſed in thoſe trials, may well enough judge, when he needs ro pump no 


longer. 
l — you will here demand, whether, by our engine, we can competently 


withdraw the air out of a receiver ; or whether, at leaſt, that may not be much better 
done by the help of quickſilver, after the manner of the Torricellian experiment, in re- 
gard that ponderous liquor frees the glaſs, it deſerts, from all the air at once, and exactly 
hinders the regreſs of it. | 

Is anſwer whereunto, I hope you do not expect, that I ſhould contend for a favour- 
abler judgment of the engine I employ, than the virtuoſi (as well foreign as Engliſh) 
have been pleaſed to paſs on it already: and therefore, to tell you freely my thoughts 
about the main part of the propoſed queſtion, I ſhall readily avow to you, that | think, 
there may be experiments (ſuch as ſome of thoſe, where the included body need be but 
ſmall, and where the being ſuddenly produced is chiefly deſired in the effect) wherein, 
by the help of the quickſilver, the exhauſtion of the air may be diſpatched with greater 
celerity, and conſequently make the effect be more COCA, than, by our ordinary 
way of trying, it would be in our engine; ſince the fall of the mercury docs, as the 
objection intimates, produce a vacuum (in our ſenſe of that word) very nimbly, whereby 
the expanſion of the air is preſently effected, and the aerial. particles, harboured in the 
pores of any body eas in this deſerted cavity, will thereby have opportunity more 
ſuddenly to expand themſelves. But, on the other ſide, I might anſwer in general, 
that when 1 have particular occaſions to diſpatch the exhauſtion of the air, I can very 
much haſten it by barely leſſening, as I have ſeveral times done, the capacity of the 
receiver; inſomuch, that I have ſometimes employed ſo ſmall an one, that in half a 
minute, or much leſs, after it was fitted on, we could conſiderably exhauſt it, and 
thereby produce phznomena exceeding conſpicuous. And as to the experiments of 
this little tract in particular, it may be ſaid, that, not to mention the troubleſomeneſs, and 
other inconveniencies of needing to employ. ſuch an unweildy weight of mercury, you 
will eaſily find, by the phænomena of divers of the enſuing trials, that moſt of them 


tubes. As for the ground of the objection, that the air cannot be ſo well drawn out by 


reaſonably enough queſtion it. For the vacuum that is produced in the Torricellian 
were any aerial particles lurking in the mercury, as there will be pretty. ſtore, if the quan- 


tity of that liquor be great enough to make a conſiderable vacuum, which if it be not, it 
will be too ſmall for very many of our trials; they will remain in the deſerted cavity at 


bodies but metals) that probably there will be no ſmall number of aerial corpuſcles inter- 


cannot be with any conveniency, and ſome of them not at all, made in the Torricellian: 


our way, as by the ſubſiding of the mercury; though you may think that very clear, yet 
one that were very jealous of the reputation of the inſtrument I empluy, may perhaps: 


experiment, as it is made all at once, ſo it is made once for all; and therefore, if there 


the top of the glaſs, and, by their expanſion there, much hinder. the full operation of: 
an ambient vacuum upon the bodies placed in it. Beſides that almoſt all ſuch bodies, 
if they be dry, will be fo incongruous to mercury (which ſcarce ſticks to any conſiſtent: 


cepted. between the mercury and thoſe ſurfaces, to which it does not cloſely adhere z, 
| | which. 
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which atry corpuſcles, when the ſubſiding mercury deſerts them, will be left to enereiſe 


the number of thoſe, that, as we were ſaying, will emerge from the mercury; from 
which, as alſo from the pores of the included bodies, will perhaps ariſe divers new 


ones, from time to time, for a pretty while after. And in caſe the vacuum be made 


a cylinder of two or three and thirty feet of water, as for ſome experiments that 
have been tried in France and Italy, hath been done, the emerſion of bubbles ma 
laſt a long time, as may be gathered from ſome obſervations of mine, elſewhere 
related. | 

On the contrary, in our engine, though when the receivers are not very ſmall, they 
are more ſlowly emptied; yet in recompence, we may continue the pumping out of 
the air as long, and renew it in the ſame experiment as often as we think fit: ſo that, if we 
perceive, that after the firſt exhauſtion of the glaſs, there happen any aerial particles to 
extricate themſelves ſucceſſively out of the included body, we can, by reſuming the 
pump from time to time, whenever need requires, free the vacuum from theſe alſo ; 
which, in ſome caſes, I have found to be longer and more copiouſly emitted by the in- 
cluded bodies, than any thing but jealous trials could have convinced me of. And to 
confirm what I have been ſaying by ſomething hiſtorical, I ſhall add, that though the 
excellent Florentine academians are thought to have proſecuted the experiments about 
the vacuum made with mercury the furtheſt of any, yet ſome eminent members of that 
illuſtrious ſociety were pleaſed to confeſs to me, that they never were able, by the 
help of mercury, to bring a glaſs bubble, ſealed up with air in it, to burſt of itſelf by 
the withdrawing of the external air; which yet I have often done with the engine I em- 
ploy, and convinced them, that I could do fo, by doing it in their preſence. 
Tou will, perhaps, think it ſomewhat ſtrange, to find, that I ſer down ſome of the 
following narratives in ſuch a way, as does not expreſs me ſollicitous to aſcribe and 
vindicate to the air fo abſolute and equal a neceſſity to the production and conſerva- 


tion of all flames, as divers learned men have concluded from my former experiments, 


But I, that am content to be kind to the air, but not partial, ſhall not ſcruple to 
declare to you, that, as much as ſome may think me beholden to the air for any diſ- 
coveries of itſelf, it may have vouchſafed me; yet, I think, a natural, as well as a civil 
hiſtorian, does, in his accounts cf matters of fact, owe more to truth, than to grati- 
tude itielf, And though, wherever the air can challenge a clear, or, at Icaſt, a proba- 
ble intereit in a phenomenon, I am not only diſpoſed, but glad to do it rig't; jet! 
would not eaſily aſſert to it a larger juriſdiction than I find nature to have alligned it; 
eſpecially ſince, without partiality, that, I preſume, may be ſhewn to be very large and 
conſiderable, and perhaps to reach to many things, wherewith men ſeem not to have yet 
taken notice, that it hath any thing to do at all. | | 

Wuar hath been hitherto ſ:id, will not, I hope, ſeem impertinent or uſeleſs, when- 
ever you ſnali fail upon the actual making of ſuch experiments as you are about to read, 
But I fear, that to add any thing more (which were not difficult for me to do to the 
preliminary part of this ſmall tract) would make it too diſproportionate to the hiſtory 
cal; from which I ſhall therefore no longer detain you, 
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TAE FIRST TITLE, 


Of the difficulty of producing F L A M E without 
AIR. 


EXPERIMENT IL 
Away of kindling brimſtone in vacuo Boyliano, unſucceſsfully tried. 


E took-a ſmall earthen melting pot, of an almoſt cylindrical figure, and well 
glazed (when it was firſt baked, by the heat ; and into this we put a ſmall cylin- 

der of iron, of about an inch in thickneſs, and half as much more in diameter, made 
red hot in the fire ; and having haſtily pumped out the air, to prevent the breaking of 
the glaſs ; when this veſſe] ſeemed to be well emptied, we let down, by a turning key, 
a piece of paper, wherein was put a convenient quantity of flower of brimſtone, under 
which the iron had been carefully placed ; ſo that being let down, it might fall vpon 
the heated metal; which as ſoon as it came to do, that vehement heat Cid, as we ex- 
peed, preſently deſtroy the contiguous paper: whence the included ſulphur fell imme- 


diately upon the iron, whoſe upper part was a little concave, that it might contain the 
flowers when melted, But all the heat of the iron, though it made the paper and ſul- 


phur ſmoke, would not actually Kindle either of them, that we could perceive, 


EXPERIMENT IL. 


An ineffeflual attempt to kindle ſulphur in cur vacuum another way. 


AxoTHER way I thought of to examine the inflammability of ſulphur without air; 
which, though it may prove ſomewhat hazardous to put it in practice, I reſolved to try, - 


and did fo after the following manner: 


InTo a glaſs-bubble of a convenient ſize, and furniſhed with a neck fir for our pur- 
poſe, we put a little flower of brimſtone (as likely to be more pure and inflammable 
than common ſulphur) ; and having exhauſted the glaſs, and ſecured it againſt the return 
of the air, we laid it upon burning coals, - where it did not take fire, but riſe all to the 


oppoſite part of the glaſs, in the form of a fine poweer; and that part being turned 
downward and laid on coals, the brimſtone, without kindling, roſe again in the form of 


an expanded ſubſtance, which (being removed from. the fire) was, for the moſt part. 


tranſparent, not unlike a yellow varniſh. 


/ EMENTT. 


Trovgn theſe unſucceſsful attempts to kindie ſulphur in our exhauſted receivers were 


mace more diſcouraging by ſome mote, that were made another way; yet judging that 


laſt . 


—  —_ oo 


— — "I. —_. 2 
4 — — — — = 
pg __ 2 
Co — - * 


* 


* 3 — QC 
— — — — — — — — — ' 


IT > onogn—— e 


eu 


- 
* 


New Experiments touching the 


laſt way to be rational enough, we perſiſted ſomewhat obſtinately in our endeavour 


and conjecturing, that there might be ſome unperceived difference between minerals, 


that do all of them paſs, and are fold for common ſutphur, I made trial, according to 


the way hereafter to be mentioned, with another parccel of brimſtone, which differed 
not ſo much from the former, as to make it worth white to ſet down a deſcription of it, 


that probably would not be uſeful. 


Bur in this place, it may ſuffice to have given a general intimation of the poſſibility 


of the thing. The proof of it you will mert with under the third Title, when I come 


to tell you what uſe I endeavoured to make of our ſulphuteous flames, 


EXPERIMENT IL 


Shewing the efficacy of air in the prodution of '-"_ without any actually flaming or bury. 
ing body. | 


HavixG hitherto examined by the preſence of the air, what intereſt it has in kindling 
of flame ; it will not be impertinent to add an experiment or two, that we tried to 
ſhew the ſame intereſt of the air, by the effects of its admiſſion into our vacuum, For 
I thought it might reaſonably be ſuppoſed, that if ſuch diſpoſitions were introduced into 


A body, as that there ſhould not appear any thing wanting to turn it into flame but the 


preſence of the air, an actual accenſion of that body might be produced by the ad- 
mitted air, without the intervention of any actual flame, or fire, or even heated ſub- 
ſtance ; the warrantableneſs of which ſuppoſition may be judged by the two following 
experiments. 

Wer we had made the experiment, ere long to be related in its due place, (viz, 
Title II. Experiment the 2d) to examine the preſumption we had, that even when the 
iron was not hot enough to keep the melted brimſtone in ſuch a heat, as was requilite 
to make it burn without air, or with very little, it would yet be hot enough to kindle 
the ſulphur, if the air had acceſs to it: to examine this, I ſay, we made two or three 
ſeveral trials, and found by them, that if ſome little while after the flame was extin- 
guiſhed, the receiver were removed, the ſulphur would preſently take fire again, and 
flame as vigorouſly as before. But I thought it might without abſurdity be doubted, 
whether or no the agency of the air in the production of the flame might not be ſome- 
what leſs, than theſe trials would perſuade ; becauſe, that by taking off the receiver, the 
ſulphur was not only expoſed to freſh air, but alſo advantaged with a free fcope for the 
avolation of thoſe fumes, which in a cloſe veſſel might be preſumed to have been un- 
friendly to the flame. : 

H ow far this doubt may, and how far it ſhould, be admitted, we may be aſſiſted to 
diſcern by the ſubjoined experiment, though made in great part for another purpoſe ; 
which you will perceive by the beginning of the memorial I made of it, that runs 
thus; N 


EXPERIMENT. N. 
A differing experiment to the ſame purpoſe with the former. 


Havixc a mind to try, at how great a degree of rarefaction of the air, it was poſſi 
ble to make ſulphur flame by the aſſiſtance of an adventitious heat, we cauſed ſuch an 
EXpert” 
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experiment as the above-mentioned to be reiterated, and the pumping to be continued 
tr ſome time after the flame of the melted flowers of brimſtone appeared to be quite 
extinguiſhed, and the receiver was judged by thoſe that managed the pump (and that 
vpon probable ſigns) to be very well exhauſted, Then, without ſtirring the receiver, 
welt in at the ſtop- cock very warily a little air, upon which we could perceive, though 
not a conſtant flame, yet divers little flaſhes, as it were, which diſcloſed themſelves by 
their blue colour to be ſulphureous flames; and yet the air, that had ſufficed to rekindle 
the ſulphur, was ſo little, that two exſuctions more drew it out again, and quite deprived 
us of the mentioned flaſhes. And when a little air was cautiouſly let in again at the 
ſtop-cock, the like flaſhes began again to appear, Which, upon two exſuctions more, 
did again quite vaniſh, though, upon the letting in a little freſh air the third time, they 
dd once more re-appear. | | | 

\WHzTHER, and how far ſuch experiments as theſe may conduce to explicate what is 
relaied of fires ſuddenly appearing in long undiſcloſed vaults or caves to thoſe that firſt 
broke into them, I may perchance elſewhere conſider, but ſhall not here enquire, eſpe- 
cially being not yet fully ſatisfied of the truth of the matter of fact. 


EXPERIMENT V. 
About an endeavour to fire gunpowder in vacuo with the ſun beams. 


WHrAaTEVER hath been hitherto delivered, will not, I preſume, make it unreaſonable 
to enquire, whether, what intereſt ſoever the air appears to have in the production of 
thoſe Hames that are to laſt for ſome time, there may not ealily be produced a momentary 
flame or flaſh, without any aſſiſtance from the air, Wheretore I employed ſome endea- 
vours to diſcover, whether there were the ſame need of air to the going off of gunpowder, 
as to the inJammation of other bodies. And though my firſt attempt of this nature being 
unproſperous, it was concluded by the learned of the by-ſtanders, that I ſhould never 
be able to make a ſucceſstul one to kindle gunpowder in an exhauſted receiver ; yet this 
ad not hinder me from proſecuting a deſign, for whoſe feaſibility I conſidered, that it 
might be alledged @ priori (as they uſe to ſpeak) that brimſtone, which is one of the 
ingredients of gunpowder, appears by ſeveral trials to be ſometimes capable of accenſion 
in our vacuum, and therefore probably may kindle the reſt. But how tar the firing of 
powder, without the help of air, is poſſible, will be belt judged by the experiments you 
will meet with under the tk ird title; and how far it is more difficult to be kindled in our 
exhauſted receivers, than in the open air (which is an inquiry proper for this place) may 
be gueſſed by the ſubjoined trial; which, though it were made many years ſince (in the 
year 1060) before we had deviſed the mercurial gage, to examine how well the receiver 
was exhauſted, I ſhall yet alford it a room in this place, becauſe it was made in jumaer 
Ly the help of a burning-glaſs, which I could not employ to purpoſe in the winter ſeaton, 
wherein the two following trials were made. 

Jo give you then ſome account of that part of the experiment which concerns cur 
pretent inquiry, I will ſubjoin a tranſcript of what 1 find regiſtered about it; which is to 
inis purpoie, and almoſt in theſe words: that, having conveniently placed three o four 
grains of gunpowder in the cavity of our receiver, and having carciully drawn ont the 
ans we calt the ſun-beams, united by a good burning-glais, upon the powder, n «cpt 
them there a pretty while to little purpoſe ; till, at lengih, the powder, inb ende whong 
ire, (moaking only, and melting like a metal, tho.e jpectators that ware ui u the 
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Mew Experiments touching the 


opinion than I was yet convinced of, would have me leave off. The further even; of 
ſuch trials more fully proſecuted you will find under the third title; all that will be 5 
tinent to be here added being, that the newly recited experiment was not the ſingle one 
we made about that time, that diſcovered à great indiſpoſition even in gunpowder to be 
fired in our vacuum. 


EXPERIMENT. VI. 
In attempt to fire gunpowder in vacuo, by means of a bot iron. 


We took, by weight, what we judged a convenient quantity of gunpowder that Way 
extraordinarily ſtrong and well made; and having in our receiver, that was capable of 
holding about ſixteen pounds of water, placed the formerly mentioned iron firſt heated 
red-hot, when the air appeared by the mercurial gage to have been diligently pumped 
out, we let down, by help of the turning-key, a ſmall piece of thin paper, wherein the 
powder had been pur, till we ſaw it reached the plate, by whoſe heat we hoped the 
paper would be deſtroyed, and the powder made to go off. But though both the one 
and the other had been purpoſely well dried near the fire, before they were put into the 
receiver; the deſired exploſion of the powder did not enſue, Yet there appeared upon 
the iron plate a pretty broad blue flame, like that of brimſtone (whence it was judged 
the ſulphureous ingredient of the gun-powder, that was kindled) which laſted fo very 
long, as we could not but wonder at it. But, at length, the powder not going off and 
the ſtill decaying heat of the iron forbidding us to wait any longer, we thought fit to take 
off the receiver, and found (as we expected) that the paper contiguous to the iron was, 
in part, deſtroyed by its heat; but moſt of the grains of the powder ſeemed not altered, 
and were found diſpoſed enough to be fired, notwithſtanding the conſumption of the brim- 
ſtone that had burned away. | 


i >-P-E-N D173; 


To confirm the foregoing experiment, by ſhewing how great a diſpoſition to take fir 
there may be in gunpowder, that yet would not do ſo without air, I ſhall ſubjoin thi 
obſervation. 

Having reiterated the newly mentioned experiment after the like manner, and with 
the ſame receiver, and iron plate, as formerly, we did not find any exploſion to be made 
for ſo long a time, that thinking it in vain to wait any farther, we let in the air, which 
might perhaps, by the help of the remaining heat of the iron, procure the operation Wt 
at firſt deſired. The event was, that alter nothing had enſued for a good while, and 
we ſcarce thought that ſuch a thing would happen; the powder ſuddenly went off with 
a great flaſh, and ſo ſhook the receiver that was yet ſtanding on the engine, à '0 
endarger the throwing of it down. Which circumſtance I mention, to give you A cad. 
tion that may prove uſeful, in caſe you try in cloſe veſſels experiments with gunpowerr 
ſince if they be not warily managed, they may ſometimes (as J have had occaſion t0 
obſerve) prove dangerous enough; which will be the better diſcerned, if I add, that the 


power that had this operation on a receiver (large enough to contain two gallons 1 


hquor) was weighed before it was put in, and ainounted but to one grain (thoug) g 
f gre 


Relation betwixt Flame and Air. 


eater quantity might perhaps have been well enough ventured upon, if it had been 
but common gunpowder). 


EXPERIMENT VII. 
Reciting another way, whereby the firing of gunpowder in vacuo Boyliano was attempted. 


To diverſify our ways of examining the indiſpoſedneſs of gunpowder to be fired in our 
vacuum, we thought fit to add to the foregoing trials that which ſolloweth. 

la ro a pretty large and ſtrong glaſs-bubble we put a few ſmall corns of gunpowder, 
an] having carefully exhauſted it, and ſecured it againſt the return of the air, we put it 
upon a pretty quantity of live coals ſuperficially covered with aſhes ; by whoſe heat the 
{u-phureous ingredient of the powder was in part kindled, and burned blue for a pretty 
while, and with a flame conſiderably great (in proportion to the powder); upon whoſe 
cealing, the powder, which, when all was done, did not take fire, appeared to have ſent 
up, beſides the flame, a pretty deal of fulphureous ſublimate, that ſtuck to the upper 
part of the glaſs, and being held againſt a candle we cauſed to be brought in (for the 
experiment had been purpoſely made in a dark place) it exhibited divers vivid colours. 
like thoſe of the rainbow, | 


EXPERIMENT VIII. 


About a trial made to fire gunpowder in our vacuum by the help of ſparks. 


Taovcn in the fourteenth of the long ſince publiſhed phylico- mechanical experiments 
there is recited a trial made about kindling of gunpowder with a piſtol; yet 1 ſhall not 
forbear to ſubjoin the enſuing account, partly, becauſe the receiver we then employed, 
being about four times, if I miſ-remember not, as big as that we laſt made uſe of, it 
was very difficult to exhauſt the one ſo well as the other; and partly, becauſe we wanted 
ſome accommodations, with which we ſince furniſhed ourſelves, and (having not then 
deviſed the mercurial gage we employed in the making this laſt experiment) we could 
not then judge ſo well, as we ſince could, of the degrees to which the receiver was emp- 
ticd. And, therefore, when in the relation of that fourteenth trial, there is mention: 
made of one attempt that did ſucceed, among divers that did not ; there is towards the 
cloſe an intimation given, that in ſpite of the great rarefaction that had been made in the 
air, there might yet be ſome little portion of it remaining in the receiver. I proceed 
then to the promiſed relation, which I find thus ſer down: 

To proſecute the deſign of the foregoing experiment by a way ſomewhat differing from 
thoſe hitherto mentioned, we made, though not without difficulty, the enſuing trial; 
one of whoſe ſcopes you will find intimated at the cloſe of the relation. 

We# took a ſmall and very ſhort piſtol, and having well faſtered it with ſtrings to a 
great weight that was placed upon the iron-plate of our engine, we drew up. the cock, 
and primed the pan with dry powder ; then over both the weight and piftol we whelmed 
a receiver capable of containing two gallons of liquor, and having carefully cemented 
it on, we cauſed the air to be diligently pumped out; having before put in a mercurial 


gage, to help us to diſcern when it was exhauſted, Laſtly, ordering the pump to he plied. 
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in the mean while, for ſear ſome air ſhould ſteal in, before the trial was completed, ye 
did, by the motion of the turning-key, ſhorten a ſtring that was tied both to it and the 
trigger of the piltol, by which means we did as much as we could towards the firing of 
the poder in the pan; but though the pan were made to fly open, yet the powder did 
nut go off; whereupon letting in the air, and cocking the piſtol again, without takino 
i: off the weight it was tied to before, we drew out a little air, to be ſure that the receiver 
was Cloſely cementied on (which care we took in reference to another experiment) and 
then letting in the air at the top of the receiver, and ſtopping it in with the turning-key, 
we did, by the help of that key, draw aſide the trigger again; whereupon, though there 
had been no new powder put into the pan, nor any left in it, but only ſome little that 
remained after the late trial, yet that readily took fire and flaſhed in the pan; which 
made it the more probable, that, in the former trial, ſparks of fire had been ſtruck out 
by the coll.fion of the flint and ſteel ; which was the more credible, becauſe in another 
trial made the fame hour in the fame exhauſted receiver, two of the aſſiſtants plainly ſay 
a ipark or two fly out upon the falling of the cock, though I, that chanced to ſtand in 
an inconvenient place, did not then perceive it. But afterwards, having cauſed the expe- 
timeat for my fuller ſatisfaction to be repeated, I freed myſelf from need of truſting 
others eyes; fo that it appears, that notwithſtanding the great indiſpoſition of gunpowder 
itſelf to be reduced into flame in our vacuum, yet even ſolid matter is not uncapable of 
being ignited there, if it be put into a motion ſufficiently vehement. 

IF tiis experiment had not been ſo very troubleſome to make, I ſhould have been 
invited to reiterate it, becauſe a not contemptible ſcruple may be prevented, if the trial 


can be made to ſucceed, in regard that the going off of the whole gunpowder, by the 


tall.ng of a ſpark or two only upon two or three of its grains, would argue, that the 
accenſion of the reſt was made by the propagation of flame from the kindled grains to 
the reſt; ſo ſmall a portion of ignited and ſuddenly vaniſhing matter, as is to be found 
in a ſpark or two, being not likely to be able in ſo very ſhort a time to impart a vehe- 
ment, or ſo much as a ſenſible heat, to the whole aggregate of grains, or at leaſt a great 
part of them, as the focus of a burning-glaſs, held long enough upon them to make 
them melt, may well be ſuppoſed to do. 


EXPERIMENT: 1X. 
Tivo ways of making aurum fulminans go off in our exhauſted receiver. 


Bzcaust it is wont to be ſuppoſed, how juſtly I here diſpute not, that aurum fulmt- 
rans, as the chymiſts call it, is much of the nature of gunpowder, though by vaſt odds 
ſtronger than it; I thought it not unfit to make trial, whether it could be made to g0 
off in our exhauſted receiver; and accordingly, about the time that the other expert 
ment of firing gunpowder by the ſun-beams was made, we alſo made trial of this ; and 
iht, as I remember, in the ſame receiver, and with the ſame burning-glaſs. The event 
was, that, though the air had been pumped out, the concentrated beams of the Jun 
made the aurum fulminans go off, and violently ſcatter about the cavity of the receive! 
a yel'owiſh Cuſt or powder, which other trials in the free air made us look upon as Pa- 
ticles of the gold, that was the main ingredient of this odd compolition. 5 

Tuts experiment we reiterated a good while after in another place, and with other 


veſſels, and yet with the like ſucceſs. Bur 
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Bur in regard theſe trials being made by the united ſun-beams, it was unavoidable 
that our eyes would be before-hand affected with the vivid impreſſions of ſo glaring a 
lioht it ſcemed not ſafe to determine, by the bare going off, or ſhattering of the aurum 
{1 minans, whether or no it afforded any flame or light upon its exploſion ; for, as we 
could not be ſure of the affirmative, becauſe our eyes could not diſcern any momentary 
Name or flaſh z ſo it ſeemed not ſafe to conclude the negative; ſince, though there had 
been ſuch a flame, yet, if it had not been ſtrong, it would not have been ſenſible to our 
eyes, whilſt pre- affected by a powerful light. Wherefore we reſolved to make this trial 
in the night with an iron heated, but not candent (that its light might not eclipſe that, 
which the powder might afford); and having, after the manner already often recited, 
exhauſted a pretty large receiver, and let down by a ſtring half a quarter of a grain (by 
weight) of good aurum fulminans of our own preparing, looſely tied in a little piece of 
thin paper (which paper, former trials to another purpoſe kept us from fearing, that no 
hotter an iron than ours then was, would kindle) we found, as we expected, that after 
the powder had Jain long enough upon the iron to be thoroughly heated, it went off all 
together, and, as the by-ſtanders affirmed, with a flaſh : but my face being accidentally 
turned to remove a light that I feared might diſturb us, I could not fee the flaſh myſelt, 
2nd therefore cauſed the experiment to be made once more, to ground my narrative upon 
my own obſervation ; which quickly aſſured me, that the luminous flaſh produced upon 
the exploſion was not only ſenſible but conſiderable. 


THE SECOND TITLE. 


Of the Difficulty of preſerving FL AME without 
A 1 


INCE it is generally, and, in moſt caſes, juſtly eſteemed to be more eaſy to pre- 

ſerve flame in a body that is already actually kindled, than to produce it there at 
firſt; we thought fit to try, whether, at leaſt, bodies already burning might not be kept 
in that ſtate without the concurrence of air. And though in ſome ot our formerly pub- 
(hed phyſico-mechanical experiments, it happened that actual flame would ſcarce laſt a 
minute or two in our large pneumatical receiver; yet, becauſe it ſeemed not improbable, 
that mineral bodies once kindled might afford a vigorous and very durable flame, we 


thought fit to deviſe, and make the following trials; whence probably we might receive 


ſome new informations about the diverſities, and ſome other phænomena of flame, and 
the various degrees, wherein the air is neceſſary or helpful to them. | 
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New Experiments touching the 


EXPERIMENT I. 
Reciting an attempt 10 preſerve the flame of brimſtone without air. 


Wr put upon a thick metalline plate a convenient quantity of flowers of ſulphur, 
and having kindled them in the air, we nimbly conveyed them into a receiver, and made 
haſte to pump out ſome of the included air, partly for other reaſons, and partly that the 
cavity of the receiver might be the ſooner freed from ſmoke, which would, if plentiful 
both injure the flame, and hinder our ſight. As ſoon as the pump began to be plied, 
or preſently after, the flame appeared to be ſenſibly decayed, and continued to be Ieffened 
at every exſuction of the air; and in effect it expired, before the air was quite drawn 
out. Nor did it, upon the early removal of the receiver, do any more than afford, 
for a very little while, ſomewhat more of ſmoke in the open air, than it appeared to do 
before. 

THe reiteration of this experiment preſently after afforded us nothing new worth 
mentioning in this place, | | 


EXPERIMENT II. 
Relating a trial about the duration. of the flame of ſulphur in vacuo Boyliano. 


To vary a little the foregoing experiment, and try to ſave ſome moments of time, 
which on theſe occaſions is to be huſbanded with the utmoſt care; having provided a 
cylinder of iron larger than the former, that it might by its bulk, being once heated, 
boch contribute to the accenſion of the ſulphur, and to the laſting of its flame, we made 
a trial, that I find regiſtered to this effect: 

We: took a pretty big lump of brimſtone, and tied it to the rurning-key; and having 
got what elſe was neceſſary in a readineſs, we cauſed the iron-plate to be haſtily brought 
red-hot from the fire, and put upon a pedeſtal, that the flame might be the more com: 
ſpicuous; and having nimbly cemented on the receiver, we ſpeedily let down the ſul- 
pended brimſtone, till it reſted upon the red-hot iron, by which being kindled, it ſent 
up a great flame with copious fumes, which hindered us not from plying the pump, till 
we had, as we conjectured, emptied the receiver; which we could not do without with- 
drawing, together with the air, much ſulphureous ſmoke, that was offenſive enough both 
to the eyes and noſtrils. But notwithſtanding this pumping out of the air, though the 
Game did ſecm gr. dually to be ſomewhat impaired, yet it manifeltly continued burning 
much longer, than by the ſhort duration of o:her flames in our receivers, when diligence 
is uſed to withdraw the air from them, one could have expected. And eſpecially one 
time (fer the experiment was made more than once) the flame laſted, till the receiver 
was judged to be well exhauſted ; and ſome thought it did ſo ſurvive the exhauſtion, that 
it went not out ſo much for want of air, as fuel; the brimſtone appearing, when ve 
took off the receiver, either to have been conſumed by the fire that fed on it, or to have 

, Calually run off from the iron, whoſe heat had kept it conſtantly melted. 
lx cale you ſhould have a mind to profecute experiments of the nature of this ard 
the precedent, it may not prove uſeleſs, if I intimate to you the following advertiſements. 
1. For the red-hot iron above-mentioned, we thought it not amils to provide, inſtead 1 
the meking-· pot employed in the firſt experiment, a pedeſtal, if I may ſo call it, mace 


3 0 
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of a lump of dried tobacco-pipe clay, that the vehement heat of the iron might neither 
fill the receiver with the ſmoke of what it leaned on, nor injure the engine, if it ſhould 
reſt immediately upon that; and this pedeſtal ſhould be ſo placed, that the iron may be 
as far as you can from the ſides of the receiver, which elſe the exceſſive heat would 
er. | 

— the above-mentioned concave iron that was to receive the brimſtone, we did 
for ſome occaſions cauſe to be fitted a thick convex piece of iron, ſhaped almoſt like a 
fattiſh button; which was not to be uſed conſtantly, but upon occaſion, that, being 
Jaid red-hot over the melted brimſtone, it might increaſe the heat, and keep the flame 
from having ſo broad a ſuperficies, whereby it would conſume its fuel too faſt. 

3. We ſometimes thought it expedient, for the clearer diſcerning of what ſhould 
happen in the receiver, to make the experiment by night, and remove the candles, when 
we were juſt about to pump, preſuming, that the flame would be conſpicuous enough 
by its own light; as indeed we found it to be, though its light were but dim, conſidering 
the greatneſs of the flame; whole colour, though it did not quite loſe its wonted blueiſh- 
ne!s, ſeemed yet to have received a great and ſomewhat odd alteration. 

THERE is one great inconvenience, ſcarce avoidable in this experiment, viz. that the 
fumes aſcending very copiouſly do quickly much darken the receiver, and if the trial be 
long continued, line it with a kind of flower of brimſtone, which obſcures it much more, 
and therefore ought to be carefully wiped away, whenſoever the receiver is taken off 
upon which account you will not, I preſume, wonder, if you ſhall find the phænomena 
of theſe experiments not always to be the very ſame with what you meet with in this 
paper; ſince, as it is very poſſible that we may not have been able to obſerve things 
ſo accurately by reaſon of the newly mentioned fumes and flowers; fo it is not impoſſible 

that the difference, if there ſhall be any, of other men's obſervations from ours ſhould 
proceed from the ſame cauſe. | 

Berok we pals from this ſecond experiment, it will not be amiſs to take notice, that 
though the flames of brimſtone may be allowed to be ſomewhat more durable than the 
flames of vegetables are wont to be; yet it is not ſafe to conclude, that it was merel 
1pon the account of their native vigour, that the flames above-mentioned laſted ſo long 
19 our receiver. | 

For we ſeemed to obſerve that there was requiſite a very intenſe heat of the iron to 
make the ſulphur capable of flaming on it, when any conſiderable proportion of air was 
withdrawn. For which rea'or. it ſeems expedient, according to what I lately intimated, 
that the iron that is to keep it melted, be of a good thickneſs, that it may the longer 
retain a competent heat; and we thought it contributed to the ſucceſsfulleſt trials we 


made, that in chem we uſed, belides the concave iron, the convex one mentioned in the 
iecond note. | 


EXPERIMENT III. 
Of the laſting of the flame of a metalline ſulſtance in the ſame vacuum. 


Trose ſulphurs, that chymiſts call metalline, being ſuppoſed by many to be of a 
much more fixed nature than common ſulphur, and it being indeed probable enough, 
that in them good ſtore of very minute particles are crowded together, I thouglt fit to 
try, whether a body, wherein a vulgar chymiſt would think the ſulphur of a metal to 

< the main ingredient, would afford in our vacuum a more vigorous or laſting flame, 
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than that of common ſulphur. And, though I will not here trouble you with my par- 
ticular ſeruples about the chymiſts doctrine concerning metalline ſulphurs, nor with the 
grounds, on which I deviſed the following inflam mable ſolution of Mars (for I do not 
now give it a more determinate name) which ſome chymiſts will not perhaps diſlike , 1 
ſhall here annex the enſving tranſcript of the trial itſelf. 

Hav provided a ſaline ſpirit, which by an uncommon way of preparation wa, © 
made exceeding ſharp and piercing, we put into a phial, capable of containing three or 
four ounces of water, a convenient quantity of filings of ſteel, which were not ſuch 23 
are commonly ſold in ſhops to chymiſts and apothecaries (thoſe being uſually not free 
enough from ruſt) but ſuch as I had a while before cauſed to be purpoſely filed off from 
a piece of good ſteel. This metalline powder being moiſtened in the phial with a little 
of the menftruum, was afterwards drenched with more ; whereupon the mixture grew 
very hot, and belched up copious and ſtinking fumes; which, whether they conſiſted 
altogether of the volatile ſulphur of the Mars, or of metalline ſteams participating of a 
ſulphureous nature, and joined with the ſaline exhalations of the menſtruum, is not neceſ. 
ſary to be here diſcuſſed, But whenceſoever this ſtinking ſmoke proceeded, fo inflam- 
mable it was, that upon the approach of a lighted candle to it, it would readily enough 


take fire, and burn with a blueiſh, and ſomewhat greeniſh flame, at the mouth of the 


phial, for a good while together; and that, though with little light, yet with more 
ſtrength than one would eaſily ſuſpect. 

Tunis flaming phial, therefore, we conveyed into a receiver, which he, who uſed to 
manage the pump, affirmed, that about fix exſuctions would exhauſt. And the recciver 
being well cemented on, upon the firſt ſuck the flame ſuddenly appeared four or five 
times as great as before; which I aſcribed to this, that upon the withdrawing of the 
air, and conſequently the weakening of its preſſure, great ſtore of bubbles were produced 
in the menſtruum, which breaking could not but ſupply the neck of the phial with ſtore 
of inflammable ſteams, which, as we thought, took not fire without ſome noiſe z upon 
the ſecond exſuction of the air, the flame blazed out as before, and ſo it likewiſe did 
upon the third exſuction, but after that it went out; nor could we rekindle any fire by 
haſtily removing the receiver; only we found, that there remained ſuch a diſpoſition in 


the ſmoke to inflammability, that holding a lighted candle to it, a flame was quickly 
rekindled. ; | 


EXPERIMENT IV. 


Of the duraticu of the flame of ſpirit of wine impregnated with a metal in the exhauſted 


receiver, 


Becavst it may, upon grounds not improbable, be thought, that well-dephlegmed 
ſpirit of wine, being a pure æthereal liquor, which does not, like combuſtible ſulphurs 
(whether vulgar or metalline) emit any viſible ſmoke to ſtifle the flame (into which it 
may, in the free air, be totally reſolved) if this ſpirituous, and thus qualified liquor 
could be duly aſſociated with a metalline body, the reſulting flame might be more than 
ordinatily vigorous and durable; 1 reſolved to make an experiment of this fort, and 
having by a way, that I delivered in another paper {in a Paradox about the fuel of 
Flames} ſo united highly reCtifie:! ſpirit of wine with a prepared metal, that they would 
both afford a conſpicuouſly tincted flame; we put this mixture into a ſmall glaſs- lamp, 


made on purpoſe, and furniſhed with a very ſlender wick, which the mixture your w 
{ 2 


Relation betwixt Flame and Air. 


burn, whilſt there was liquor enough to imbibe it well; and putting this lighted lamp 
into a convenient place of a receiver, that was not ſmall, ſince it was able to contain about 
two gallons, or ſixteen pounds of water, we made haſte to cement on the glaſs to the 
engine, and yet found not in two or three ſeveral trials, that after the pump began to be 
moved, ſo little a quantity of tincted flame in that capacious glaſs laſted much, if at all, 
more than half a minute of an hour, eſtimated by a minute watch. : 

Axp becauſe the receiver we then made uſe of ſeemed to me, by reaſon of its ſize, and 
ſome accommodations that belong to it, proper enough to be employed about other 
trials, concerning the relation between flame and air ; 1 thought fit to try, with the ſame 
{mall lamp and liquor, what other phænomena of that kind would be af] orded by letting 
air in and out, according to the various exigencies of my particular aims. 

Bur not having then, nor in ſome time after, the leiſure and opportunity of ſetting 
down things cireumſtantia ly, J contented myſelf to take thoſe ſhort notes of the prin- 
cipal things, whereof 1 now ſubjoin the tranſcript. 

Wren the flame began to decay, the turning-key being now and then drawn almoſt 
out, the tincted flame laſted once a minute and a half, and another time longer. 

Tux turning-key being taken out in the beginning, the flame laſted two minutes or 
better, | 

A ripe bedded in the cement at the bottom of the glaſs, and having at each end an 
open orifice almoſt of the bigneſs of that filled by the turning-key, which key was then 
removed from the top, the tinted ſpirit ſeemed to burn very conveniently, as if the 
flame would have burned very long, if we would have permitted it ſo to do. 

TRE orifice at the top being ſtopped with the turning-key, though the pipe were left 
open at the bottom, it plainly, in a ſhort time, ſeemed much to decay, and ready to 
expire; whereupon I cauſed one to blow conſtantly, yet but very gently, in at the pipe 
with a pair of bellows, and by this means, though we did not keep the flame vigorous, 
yet we kept it alive for above four minutes; and then obſerving it to be maniteſt] 
ſtronger than it was, when we began to refreſh it with the bellows, we ceaſed from 


blowing, and found, that though the glaſs pipe was ſtill left open, yet within about 
one minute the flame was quite extinguiſhed, 


ESPERIMENT_Y. 


Of the conſervation of flame under water, 


Tux better to examine the neceſſity of air to flame, I thought fit not only to make 
| the ſeveral trials mentioned in this paper, whether it would live in a medium much 
thinner than air; but alſo to try, whether it would be able to continue in a medium 
many hundred times thicker than air, namely in water. | 
DOUUBTED not but many would think this both an eaſy and a needleſs inquiry, ſince 
eminent writers, both ancient and modern, tell vs without ſcruple, that Naptha and 
Camphire will burn under water; but 1 had never the good fortune to be able to make 
them do ſo; and may be allowed to doubt, whether theſe writers, not withſtanding their 
confidence, deliver what they affirm, upon experience not bare tradition. And though 
1n celebrated authors I have met with divers receipts of making compoſitions, that 
will not only burn under water, but be kindled by it; yet I have found thoſe I had 
occaſion to conſider, to be ſo lamely, or ſo darkly (and ſome of them I fear lo falſely) 
let down, that by the following compoſition, how ſlight ſocver it may ſeem, I have becn 
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New Experiments touching the 


able to do more, than with things they ſpeak very promiſingly of; ſince, though it wil 
not be kindled by water, yet being once kindled, it will continue to burn under Water 

AnD that there might be no ſuſpicion, that whilſt the mixture continued under war 
it did only, as it were, vehemently ferment, or ſuffer a violent agitation of its parts withour 
having them kindled, till in their aſcending they were actually fired by the contact of the 
air incumbent on the ſu;face of the water; to obviate this ſuſpicion (I ſay) we were 
careful to try the experiment, not only in other veſſels, but in a large glaſs, the trac 
parency of whoſe ſides, as well as that of the contained water, would permit us to {« 
for a while, the burning of our compoſition, which was ſometimes with a weight detained. 
and ſometimes with a forceps held, till it was conſumed, a good way under the ſurface 
of the water. ; | 

Tux way of making the experiment is this; we took of gunpowder three ounces, of 
well burned charcoal one drachm, of good ſulphur or flower of brimſtone a little 1:{; 
than half a drachm, of choice ſalt - petre near a drachm and a half; which ingredient; 
bring well reduced to powder, and diligently mingled without any liquor, either a large 
goole-quill, whoſe feathery part was cut off, or a piece of a tobacco pipe, of two or 
three inches long, and well ſtopped at one end, had its cavity well filled with this mix- 
ture (inſtead of which, beaten gunpowder alone might ſerve, if it did not operate too 
violently, or waſte too ſoon) for the kindling whereof, the open orifice of the quill or 
pipe was carefully ſtopped with a convenient quantity of the ſame mixture, made u 
wich as little chymical oil or water as would bring it to a fit conſiſtence. This wild. fire 
was kindled in the air, and the quill or pipe, together with a weight, to which it wa 
tied to keep it from aſcending, was (lowly let down to a convenient depth under water, 
where it would continue to burn, as appeared by the great ſmoke it emitted, and other 
figns, as it did in the air; becauſe the ſhape of the quill or pipe kept the dry mixture 
from being acceſſible to the water (that would have diſordered and ſpoiled it) at any other 
part than the upper orifice; and there the ſtream of kindled matter iſſued out with ſuch 
violence, as did inceſſantly beat off the neighbouring water, and kept it from entering 
into the cavity that contained the mixture, which therefore would continue burning til 
it was conſumed, 

IT is probable, that moſt men will conclude from this experiment, that air is not ſo 
abſolutely neceſſary to the duration of flame, as ſome other of our trials ſeem to argue; 
and that there ought to be a difference made between ordinary flames, and thoſe thut 
burn with an extraordinary vehemency. But my deſign being, as I long ſince intimated, 
rather to relate trials than debate hypotheſes, 1 ſhall only add, that it may be pretended 
on the behalt of the opinion, that this experiment ſeems to diſprove, that, not to men. 
tion the air th:t may lurk in the pores of the water, or that which may be intercepted 
berween the little grains of powder, whereof the mixture conſiſts, the ſaltpette itſelf 
may be ſuppoſed to be of ſuch a texture, that, in its very formation, the corpulcles that 
compoſe it may inrercejt ſtore of little atrial particles between the very minute ſolid ones 
winch thoſe corpuſcles are made up of. And this inexiſtence of the air in nitre may Ve 
probably argued from the great windineſs of the flame that is produced upon the detiar 
gration of nitre. According to this ſurmiſe, though our mixture burns under Water, ah 
ic does not burn without air, being {uppled with enough to ſerve the turn by the nume 
tous cruptions of the atrial paiticles of the diſſipated nitre itſelf. ; 

Ox this occaſion I remember, that in another paper I relate, that for divers purpoes 
ard among them to remove this tuſpic:on, I ſucceſstully tried to reproduce nitre in 24 
Beyliano, that there might not be any air, or at leaſt any quantity worth heeding, inteſ- 


cepted between the couvening particles, that by their coalitions made up the * 
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uſcles, which, in favour of the neceſſity of air to flame, may be pretended to be but ſo 
many little empty bubbles cloſe ſtopped, whoſe moiſter parts may, by the fire that kindles 
the nitre, be exceedingly rarefied, and in that eſtate emulate air, and violently burft their 
little priſons, and throw about the fragments of them with force, and in numbers enough 
to make their aggregate appear ſuch a flame, as is wont to be mede by unctuous and truly 
combuſtible bodies; and yet this rarefied ſubſtance that thus ſhatters the nitrous particles, 
may really be no true and laſting air, but only vehemently agitated vapours, which pre- 
ſently, upon the ceſſation of the heat, return to liquor; as we ſee, that the vapours of 
an #olipile that iſſue out after the atrial particles have been expelled, though they make 
a great noiſe and a temporary wind near the hole they ſtream out at, and would perhaps, 
if that hole were cloſe ſtopped, break the zolipile; yet are not true and permanent air, 
but at a ſmall diſtance off the inſtrument return into water. 
Bur though I could ſuggeſt other ſuſpicions and conjectures about the incluſion of 
air between the particles of faltpetre, yet I forbear to mention them in a writing deſigned 
to be chiefly hiſtorical. 


EXPERIMENT VI. 


Relating an odd phenomenon about the flame of a metal in our vacuum. 


To the foregoing experiments made on purpoſe I ſhall add a phenomenon afforded 
us by chance, and yet not unworthy to accompany the reſt, 
Wulst we were trying to kindle ſomething in our exhauſted receiver, it happened 
by ſome accident or other, that the combuſtible ſubſtance that was to be kindled, fell 
elides the iron, whereby our intended trial was defeated, But whilſt we were conſi— 
dering what was to be done on this occaſion, and had not yet let in the air that had 
been pumped out, the lights alſo continuing yet removed; we were ſurprized to ſce 
ſomething burn, like a pale blueiſh flame, almoſt in the midſt of the cavity of the 
receiver, and at firſt ſuſpected it to be ſome illuſion of the eyes; but all the by-ſtanders 
perceiving it alike, and obſerving that it grew very broad, we looked at it with great 
attention, and found it to laſt much longer than I remember 1 have ſeen any flame do 
in an exhauſted receiver. I ſhould have ſuſpected it had proceeded from ſome brim- 
ſtone ſticking, without our heeding it, to ſome part of the iron, which we had formerly 
employed to kindle ſulphur in our receiver, had it not been, that, beſides other things, 
remembered, that we had juſt before kept it red-hot in the fire, and conſequently 
muſt have burned away any little brimſtone, if there were any, that adhered to it; but 
though we much wondered, whence this our flame proceeded, I would not let any thing 
be done that might haſten its extinction; and at length, when it expired of itſelf, we 
let in the air, which had been till then kept out, and perceived upon the concave part 
ot tne iron (which we judged to be the place, where the flame had appeared) a piece of 
meited metal, which we concluded had been faſtened to the ſtring, that the fuel we 
deligned to Kindle had been tied to, in order to the letting it down to the more eaſily: 
and this made us conceive, that the ſtring happening to be burned by the exceſſive heat 
of tae iron, the piece of metal fell into the cavity of it, and, by the ſame heat, the 
more comboſtible part, which the chymiſts call the ſulphur, was melted and kept on 
fire, and continued burning ſo long as we have related. The piece of metal was judged 
to be lead, but having not formerly obſerved ſuch diſpoſſtion in that metal to be in- 
flemed, I conſidered it attentively, and perceived, that it was ſome fragment, that the 
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operator had chanced to light on, of a mixture of lead and tin, that I had (a h 
before, for an experiment not at all belonging to our preſent ſubject) cauſed to be = 
liquated in a certain proportion. Upon whoſe account it ſeems, the mixture of tha 
ingredients had acquired ſuch a new texture, as, whether by making the bodies 0 
one another, or by what other means ſoever, fitted the mals to afford us the phænome. 
non above recited, And though I made an unſucceſsful trial with a mixture of lead 
and tin, to produce ſuch a flame upon the heated iron in the open air; yet the new 
related experiment may ſuffice to argue, that there may be flames of metalline ſulphurg 
(as the chymiſts call them) that will be, at leaſt, as eaſily produced without the concur. 
xg the air, as that of common ſulphur, and continue to burn in our vacuum longer 
than it. 


n F7 KL We 


Of the ſtrangely difficult Propagation of A CTUAL 
FLAME in vacuo Boyliano. 


1 HAVE more than once obſerved, that ſome bodies (whereof I make particulzr 
mention in another paper) though they will not be turned into flame by very intenſe 
heats, and thoſe of very differing kinds, are yet very readily kindled by an actual flame. 


So that the propagation of flame to contiguous bodies, that, according to the hitherto 


obſerved, and unqueſtioned courſe of things, muſt thereby in a moment, as it were, be 
actually inflamed, ſeems to be not only very eaſy, but almoſt infallible; and yet, that 
this propagation is not eaſy, or is perhaps ſcarce poſſible to be performed without the 
aſſiſting preſence of the air, may be gathered from the next following experiments; at 
whoſe titles though you will probably be ſurprized, in regard that by the two firſt expe- 
riments of the firſt title of this tract, it will ſcarce be expected that ſulphur ſhould be 
kindled in our vacuum; yet I preſume your wonder will ceaſe, when I put you in mind, 
that I formerly took notice to you of my having ſometimes met with ſuch ſulphur a 
would be kindled there; and it was whilſt that well-diſpoſed parcel of ſulphur laſted, 
that I took the opportunity of making with the flame of it the trials to which I nov 


EAPERITMENT-q 


An inefjettual attempt to make flame kindle ſpunk in an exhauſted receiver. 


Haix placed the often · mentioneꝗ cylindrical plate of iron, firſt brought to be red- 
hot, in a receiver, capable of containing two gallons of water; and having alſo dili- 


gently pumped out the air, we kindled a little ſulphur upon the heated plate, and on 
a pie 
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a piece of dried ſpunk, tied to a ſtring, was, by the help of a turning-key, let down to 
the flame; and when the experiment was finiſhed, and the ſpunk was taken out, we 
found it in dlivets places, not manifeſtly altered ſo much as in colour; and in thoſe parts 
that had been moſt expoſed to the flame, it was turned to a ſubſtance very differing 
from aſhes, being black and brittle as tinder, and, like it, exceedingly diſpoſed to be 
kindled upon the touch of the fire, 


EXPERIMENT II. 


An unproſperous attempt io make flame kindle camphire without the help of air. 


As a farther confirmation of the difficulty of propagating flame in our vacuum, we 
may annex the following trials. 

Ixro the lately mentioned receiver we conveyed the cylindrical plate of iron made 
uſe of in the former experiment; and when the air had been diligently pumped out, we 
did, by the help of the turning-key, let down upon the hot iron a piece of ſuch brim- 
ſtone, as would, in ſpite of ſo diſadvantageous a place, be kindled with that heat. A 
little above this fulphur we had tied to the ſame ſtring a piece of camphire, that being 
a body exceedingly apt to take fire, if not, as it were to draw it, at the flame of lighted 
brimſtone. But our ſulphur melting with the heat of the iron cylinder, dropt unluckily 
from the ſtring it was faſtened to before, and for the moſt part fell off. And as ſoon as 
it came to the ground, where it was diſtant from the vehement heat of the metal, the 
flame expired, and that part of the ſulphur that happened to ſtick to the ſide of the iron, 
was inflamed by it. And I that chanced to be then in an inconvenient poiture for ſeeing 
the camphire, could not, becauſe of the ſmoke of the extinguiſhed brimſtone, well di- 
cern what became of it. But my amanuenſis that happened to be on the beſt ſide of the 
receiver, affirmed, he plainly ſaw the flame of the brimſtone reached the camphire, 
without being able to make it flame. Which ſeemed the leſs to be doubted of, becauſe 
the camphire was by help of the turning key let down low enough, and if it had afforded 
a flame, the difference of colours betwixt that and the blue flame of ſulphur would have 
made it very eaſy for me to have diſtinguiſhed them. 
 AnoTHER trial I would have thoroughly made to kindle one piece of ſulphur in our 
vacuum by the flame of another, tied a little lower in the fame ſtring, that it might fiſt 
touch the heated iron, and be thereby {ct on fire; but, though we could find nothing 
that was viſibly amiſs in the kind of ſulphur we then uſed, yet we were not able, even by 
a reiterated trial, to make it take fire upon the iron, where nevertheleſs ic melted and 
leemed a little to boil. | | 

A THIRD trial was not ſo unſucceſsful ; for having in the well-exhauſted receiver let 
down upon the very hot iron a match made of a piece of card dipped in brimſtone, the 
lower extreme of it was kindled by the contact of the hot iron. But though the ſulphu- 
rated part of the match thus flamed away, yet the remaining part, which was a mere piece 
of card, was not thereby turned into flame, nor in moſt places ſo much as ſenſibly ſcorched 
or blacked ; though, as I remember, the match had been purpoſely dried before-hand to 
facilitate its inflammation, 
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EXPERIMENT III. 


range experiment upon gunpowder, ſhewing, that though it were fired itſelf yet it would 
| not fire the contiguous grains in vacuo Boyliano. 


Tut preceding trials may ſuffice to manifeſt the difficulty of communicating flame 
without the help of air, from one body to another, even when the bodies to be kindled 
are of a very inflammab!e nature. But becauſe there is no propagation of flame made in 
any bodies that we converſe with here below, with any thing near ſuch celerity, as in the 
contiguous grains of gunpowder z a great hep whereof will, almoſt in the twinkling of an 
eye, be turned into flame by propagation from any one ſmall kindled grain; nothing 
ſcemed fitter to maniteſt how much flame is beholden to air, than if ſuch an experiment 
could be made, as might ſhew, that, even amongſt the contiguous grains of kindled gun- 
powder, flame would not be propagated without the help of air. How far a trial of this 
nature may be made in our engine, the following narratives will beſt declare, 

Wi took ſome paper, and laying it upon ſome convenient part of de plate of the 
engine, we made upon it a train of dry powder, as long as the glaſs would well cover; 
then, carefully faſtening on the receiver with good cement, we ſolicitouſly pumped out 
the air; which done, we took a good burning-glaſs, and about noon caſt the ſun-beams 
through it upon the train of ſome gunpowder ; wh:re, though the indiſpoſition to accen- 


ſion was fo great, that the powder did not only ſmoke, but melt without going off, and 


the operator, though verſed in ſuch experiments, would not allow that it would ſignify any 
thing to continue the trial any longer; yet, upon my being obſtinate to proſecute it, he, 
being willing to follow the experiment, rationally conſidered, that the receiver we had 
been hitherto fain to uſe, was ſo opacous as to reſiſt the entrance of many of the beams 
that ſhould have their operation upon the powder: whereupon taking a finer glaſs that 
was lately come in, we laid by the former, and employed that, which, by reaſon of its 
tranſparency, ſo little weakened the beams of the ſun, that being, according to my direc- 
tion, held obſtinately upon the ſame parts of the train, they were able to fire ſeveral of 
them one after another. But though the ſun could thus kindle the powder, yet it could 
not make the flame propagate, but only thoſe parts that were melted, did at length kindle 
and fly away, leaving the reſt unaltered, as I curiouſly obſerved, finding ſeveral little 
maſſes of colliquated matter in ſeveral places of the train, with the powder unchanged 
in all the other parts of the ſame train that lay in a direct line; beſides that ſome of tie 
little colliquated maſſes were contiguous to the reſt of the powder, which appeared un- 
changed, and kindled readily, and flaſhed all away, as ſoon as I cauſed the burning- 
glals to be applicd to it in the open air, | 


EXPERIMENT: Iv. 


Reciling another attempt to confirm the ſormer. 


For further confirmation of ſo odd an experiment, I ſhall alſo add a ſhort account of 
another made with gunpowder in our vacuum. es ; 

To trv, on an occaſion that need not here be diſcourſed of, whether, by th? he'p of 
one of thoſe little inſtruments that arc now uſed at London, to examine the ſtreng'n 0 


powder, we could find any difference made by the ablence and preſence of the 5 
3 
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the reſiſtance of the inſtrument, or the effects of the powder on it; we faſtened it to a 
competently heavy and commodiouſly ſhaped weight of lead; and when it was carefully 
Glled and primed with powder, we placed it in a receiver of a convenient bigneſs, 
whence we pumped out the air after the uſual manner, and perhaps with more than uſual] 
diligence. Bur though, at length, after the powder had long reſiſted the beams of the 
ſun, concentrated on it by a god double convex burning-glaſs, it did, as I expected, 
take fire at the touch-hole, and fill the receiver with ſmoke; yet this kindled powder 
could not propagate the flame to that which was in the box, how contiguous ſoever the 
two parcels were to one another. And when the inſtrument was taken out into the air 
(by which it appeared how tree the crouch-hole was) as ſoon as ever new-priming, with 
the ſame ſort of powder, was put to it, the whole very readily went off; and when, for 
further ſatisfaction, we cauſed the inſtrument to be new charged, and upon its taking 
fire only at the touch-hoke in the exhauſted receiver, we ordered new priming to be 
added, without ſo much as taking the inſtrument out of the receiver, though afterwards 
the receiver was cloſed again, but without being exhauſted of air; the powder, though 
cloſcly ſhut up in the glals, did readily go off, as well that which was in the box or cavity 
of the powder-trier, as that which lay on the outward part of the inſtrument, And this 
trial, for the main, was repeated with the like ſucceſs. 


EXPERIMENT V. 


Briefly mentioning two differing trials, with two differing events, to hindle gunpewoder in 
our vacuum. 


You will eaſily believe, that the event of the foregoing trials ſeemed ſtrange enough 
to the ingenious perions that I had deſired to be preſent at them; and perhaps, the 
attentive conſideration of it may well enough ſuggeſt ſuch odd ſuſpicions and conjectures, 
as 1 have neither the Iciſure, nor the boldneſs to diſcourſe of in this place. 

Bur here I thall not diſſemble my having, by a ſomewhat differing way, made a 
coupe of trials, whereof, though the firſt may confirm the great indiſpoſition of gun- 
poder to be Kin:!led in our vacuum, yet the ſecond ſeems to look another way. 

Taz fiilt is ſummarily ſet down in my notes to this purpoſe. [A few ſmall corns of 
gunpowder being included in a very ſmall bubble freed from its air, and ſecured againſt 
the return of it, or any other, and then applied warily to coals covered with aſhes, did 
not go off, nor burn, but afforded a little yellow powder that ſcemed to be ſulphur, and 
lublimed to the upper part of the glaſs.) | 

ths latter event I found in the ſame paper to have been thus regiſtered. [But 
two larger bubbles, though ſtrong, whereof one had the air but in part, and the other 
carefully empried, being provided, each of them with a greater quantity of powder 
(though ſcarce enough to promiſe ſuch an effect) a while after they were put upon quick 
coal, each of them was blown in pieces, with a report almoſt like that of a muſket , 
but though this was done in a dark place, yet we did not perceive, whether or no there 
were any real flame produced. }] 

| Tae vent of this trial ſeems at firſt fight to contradict the inference, that probably 
you He drawn from the toregoing experiments. But yet it may not be unworthy of 
our inquiry, whether this way of trial be as proper to give fatisfaction to the curious, as 
thet made wich the ſun-beams was. And I leave it to be conſidered, whether or no it 
may not be doubted, whether the going off of the gunpowder was cauſed by a ſucceſ- 
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New Experiments about the Relation 


five, though extremely ſwift propagation of real flame, from the firſt kindled grains to 
the reſt; or did not proceed from this, that the coals acting ſtrongly at the ſame time 
on the whole area, or extent of the powder that was next to them, and this in the abſence 
of the air, each grain was in that caſe, as it were, a little granado, and the heap of them 

being uniformly enough acted on by the fire, they were made to go off, as to ſenſe, al 
at once, as if there had been but a contemporary exploſion made of them all together b 

t ꝛe action of the external fire, rather than any true accenſion made by the flaming gui 
of the unkindled oncs. As, I remember, I have tried, that even in the open air one 
may, with a burning glaſs dexterouſly employed, make ſome of a little parcel of 
aurum fulminans go off, whilſt the neighbouring parts of the tame parcel to which the 
focus does not extend with heat enough, will not be made to do fo. 


NEW EXPERIMENTS 


ABouT THE RELATION BETWIXIT 


AIR and the FLAMMA VITALIS of ANIMAIS. 


(Sent to the ſame Perſon to whom the former Papers were addrefled.) 


HE twenty experiments hitherto ſet down under the three foregoing titles, by 

ſhewing the relation betwixt air and flame in general, may be ſerviceable to the 
in quirers into the nature of the vital flame in particular. But yet having had occaſion to 
make ſome trials that more directly regard the requiſiteneſs of air to the flamma vitali 
or vital principle of animals ; I ſhall now preſent you by themſelves, as many as I could 
light on, without being ſolicitous that they ſhould be quite differing from each other; 
becauſe in ſo new and nice a ſubject, the affinity that may be found between ſome, 
either in regard of the ſubjects expoſed to trial, or in the manner of making it, may 
be uſeful, if not neceſſary, to confirm things by the reſemblance of events, or make us 
proceed cautiouſly and diſtinctly in pronouncing upon caſes where the ſucceſs was not 
uniform. 


EX PE- 


dk. #Pouous firs y . - ee... oo 


New Experiments about the Relation betwixt Air, &c. 


EXPERIMENT LI 


Whertin the durations of the life of an animal, and of the flame of ſpirit of wine, included 
together in a cloſe veſſel, were compared. | 


We took ſome highly rectified ſpirit of wine, and put about a ſpoonſul of it into a 
ſmall glaſs-lamp, conveniently ſhaped and purpoſely blown with a very ſmall orifice, at 
which we put in a little cotton-wick, which was but very flend.r, | 
Wr alſo provided a tall glaſs-receiver, which was in length eighteen inches, and con- 
tained above twenty pints of water. This receiver, which was open at both ends, was 
at the upper orifice (which was not wide) covered with a braſs plate, faſtened on very 
cloſe with good cement, for uſes whoſe mention belongeth not to this place; and jor 
the lower orifice, which was far the wideſt, we had provided a braſs-plate furni'l:ed 
with a competent quantity of the cement we employed to keep the air out of the pneu- 
matical engine; by means of which plate and cement we could ſufficiently clo'e the 
lower orifice (though a wide one) of our receiver, and hinder the air from getting in 
at If, | 

Trzst things being thus prepared, we took the ſmall glais-lamp above-mentioned, 
and having lighted it, we placed both it, and a ſmall bird (which was a green-finch) 
upon the braſs-plate, and in a trice faſtened it to the lower orifice of the receiver, and 
then watched the event; which was, that within two minutes (as near as we could eſti- 
mate by a good minute-watch) the flame, after having ſeveral times almoſt quite diſap- 
peared, was utterly extinguiſhed z but the bird, though for a while he ſeemed to cloſe 
his eyes, as though he were ſick, appeared lively enough at the end of the third minute; 
at which time, being unwilling to wait any longer by reaſon of ſome avocations, I 
cauſed him to be taken out. 

ArTER he had for a pretty while, by being kept in the free air, recovered and re- 
freſhed himſelf, the former trial was repeated again, and at the end of the ſecond minute, 
the flame of the lamp went out; but the bird feemed not to be endangered by being kept 
there a while longer, | 

AFTER this we put in, together with the ſame bird, two lighted lamps at once, viz. 
the former and another like it, whoſe flames, according to expectation, laſted not one 
whole minute, before they went out together. But the bird appzared not to have 
been harmed, after having been kept five or fix times as long before we took off the 
receiver, 

In the tall receiver above- mentioned we included a mouſe, with a lighted lamp filled 
with the ſpirit of wine; but before the experiment was near finiſhed, the mouſe, being 
at nberty within the glaſs, made a ſhift to blow out the flame; which being revived 
wichout taking out either the lamp or the animal, the ſpirit of wine burned about a mi- 
nute longer, during which time the mouſe 2ppeared not to be grown ſick, no more than 
It cid alterwards, when, for ſome minutes after the extin8ion of the flame, he had been 
kept in the ſame cloſe and infected air. 

AFTERWARDS we placed the fame mouſe in another receiver, which ſeemed to be by 
A third part leis capacious than the former, and in it we allo fixed a piece ot ſlender wax- 
candic, ſuch as is wont to be made up in rolls, and employed to light .obacco, This can- 
dle continned burning in this new receiver but for ene minute, during which time it 
missed ſtore of imoke 3 but this not hin. ering the animal to appear lively enough, even 
wo MM kept him much longer in that infected air, the tame candle, without being 
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386 Mew Experiments about the Relation 


taken out, was lighted again, but burned not ſo long as before; yet it ſufficed tg darken 
the receiver, and therefore probably much to clog the included air, in which, 

leſs, the mouſe being kept, by our gueſs, eight or ten minutes longer, he appeared ne. 
ther when he was taken out, nor a while befare, to have received any conliderable bum 
by his detention there. | | 
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EXPERIMENT U. 


Of the duration of the life of a bird, compared with the laſting of 6 burning candl a4 
coal in our vacuum. 
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[i We took a green-finſh and a piece of candle of twelve to the pound, and included 
uf them in a great capped receiver, capable of containing about two gallons, or fixteen 

pounds of water, which was very carefully cemented on to the pump, that no air might 
get in or out. In this glaſs we ſuffered the candle to burn till the flame expired 
(which it did in more than one trial, within two minutes or ſomewhat leſs) ; at which 
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f time the bird ſeemed to be in no danger of ſudden death; and, though kept a while 
| E longer in that clogged and ſmoky air, appeared to be well enough, when the receiver 
Ws i! was removed, Afterwards, we put the ſame bird into the receiver with a piece of: 
. 18) ſmall wax taper, whoſe flame, though it laſted longer than the other, yet the bird out 
1 lived it; and it was judged he would have done ſo, though the flame had been much 
1 more durable. After this, we included the ſame bird with the fitſt mentioned candle 
15 in the receiver, which we had cauſed to be often blown into with a pair of bellows, to 
| f drive out the ſmoke and infected air; and then beginnning to pump out the air, we 
my found, that the flame began more quickly to decay, and the bird to be much more dil 
1 compoſed, than in the former experiments; but ſtill the animal outlived the flame, 


though not without convulſive motions. The experiment we repeated with a piece of 
the fore - mentioned taper, and the ſame bird; which, though caſt into threatening 
ſymptoms upon the gradual withdrawing of the air, outlived, not only the flame, but 
the ſmoke too, that iſſued from the kindled wick, which circumſtance was alſo ob- 
ſerved in the preceding trial. | 
LasTLyY, having freed the receiver from ſmoke, and ſupplied it with freſh air, we 
put in with the ſame bird a piece of charcoal of about two inches in length, and half 
an inch in breadth, which had been, juſt before it was put in, well blown. with a pair 
of bellows, that it might be freed from aſhes, and thoroughly kindled ; and made haſte 
to pump out the air. This diligence was continued not only till none of the fire could 
be diſcerned by any of the by-ſtanders, but till, in our eſtimation (which the event juſti 
fied) it was irrecoverable by the admiſſion of the outward air; which at its coming in 
found the bird very ſick indeed, but yet capable of a very quick recovery. And this | 
experiment was, with the ſame animal and coal re-kindled, tried over again with the 
ſame ſucceſs. 25 
Wuzrnen this ſurvival of animals, not only to a flame, that emits ſtore of fuliginous 
ſteams, as in this trial, but to that, which is made of ſo pure a fuel as ſpirit of vine, 
that affords not ſuch ſteams, as in the former experiment; whether, I ſay, this ſurvival 
proceed from this, that the common flame and the vital flame are maintained by diſtind 
ſubſtances or parts of the air; or, that common flame making a great waſte of the aerial 
ſubſtanae t Y both need to keep them alive, cannot ſo eaſily as the other find matte 
to prey upon, and ſo expires, whilſt there yet remains enough to keep alive the = 
| | tem 
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Zetti xt Air and the Plamma Vitalis of Animals 


temperate vital flame; or, that both theſe cauſes, and perhaps ſome other, concur to 
the phznomenon, 1 leave to be conſidered. 


EXPERIMENT IL 
Of wwhat happened to the light of glow-worms in the exhauſted receiver. 


Fox the ſake of thoſe learned men, that have thought the light of glow-worms and 
other ſhining inſets to be a kind of effulſion of the biolychnium, or vital flame, that 
nature had made more luminous in theſe little animals than in others ; and which a very 
eminent phy ſician of the college of London affirms to have felt in a warm climate more 
than ſenſibly hot; 1 ſhall ſubjoin on this occaſion ſome trials made on glow- worms, 
which elſe ſhould be referred to thoſe experiments of mine about the relation betwixt air 
and light, that you were formerly pleaſed ro publiſh. | 

Wr took two glow-worms, that ſhone vividly enough, eſpecially one of them, whoſe 
light appeared ſtrong and tinted, as if it had been tranſmitted through a blue glaſs : 
theſe we laid upon a little plate, which we included in a ſmall receiver of finer glaſs 
than ordinary, that we might the better ſee what would happen: and having for the ſame 
purpoſe removed the candles, that no other light might obſcure that of the inſects, we 
waited in the dark, till that was conſpicuous, and then ordered the air to be begun to 


be pumped out; and, as we expected, upon the very firſt exſuction there began to be a 


very manifeſt diminution of the light, which grew dimmer and dimmer, as the air was 
more and more withdrawn, till at length it quite diſappeared, though there were young 
eyes among the aſſiſtants. This darkneſs having been ſuffered to continue a long while 
in the receiver, we let in the air again, whoſe preſence, as we looked for, reſtored at 
leaſt as much light as its abſence had deprived us of. This experiment was repeated 
with one more of thoſe inſets ; and the event was, that they all three gradually loſt 
their light by the exhauſtion of the receiver, and regained it, with ſome increaſe (as 


= was judged) by the return of the air. And in this experiment we let in the air by de- 


grees, and with an interval or two, to obſerve, as we did, that, as the diminution of 
light was greater and greater, when the air was more and more withdrawn, ſo the re- 


turning ſplendor was gradually increaſed, as we pleaſed to let in more and more air 
upon the worms. 


EXPERIMENT IV. 


—— 


Containing a variation and improvement of the foregoing trial. 


Bur here I foreſaw, it might be ſuſpected, that the diſappearing of the light in our 
exhauſted receiver did not ſo much proceed from any real, though but temporary, ex- 
tinction or eclipſe of it, as from this, that the glow-worms having, as I have often ob- 
ſerved, a power of drawing the luminous part into the opacous part of their body, the 
might, finding themſelves prejudiced by the withdrawing of the air, hide their light 
from our eyes, without loſing it, till being again refreſhed by the return of the air, 


1 they might be invited to protrude it again into the tranſparent part of their tails. This 


We {cruple leeming grounded upon the nature of the thing, I thought it worth while to 
1 remove it by the help of another obſervation, that I long ſince made, and have men- 
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tioned elſewhere about glow-worms z which is this, that if they be killed whilſt they arg 
ſhining, their luminous matter may continue to ſhine for a good while after it js taken 
out of their bodies; and accordingly having put ſome of that we took out of the foremen. 
tioned inſets, upon a little paper, and included it in the receiver we employed, the 
candles being removed, we perceived it to ſhine vividly enough before the pump waz 
ſet on work, and afterwards to grow dimmer and dimmer, as the air was more and more 
drawn out, till at length it quite vaniſhed ; and it re- appeared immediately upon the r' 
return, This experiment was reiterated twice more with the ſame ſucceſs for the main 
But we took notice, that the luminous matter, after the air was let in, ſeemed * 
not only to have regained its former degree of light, but ſenſibly encreaſed it (as it once 
happened alſo in the experiment made on the living worms) Which, whether it wi 
cauſed by any real change made by the receſs and acceſs of the air in the matter tſelf 
or by the greater accuſtomance of our eyes to the darkneſs of the place, I diſpute not; 
and ſhall only add this phaznomenon of one of our trials, that having a mind to ſee, 
whether a very little proportion of returning air would not ſuffice to reſtore ſome little 
light to the diſappearing matter, it was ſomewhat ſtrange to obſerve, that ſo very ſmall 
a quantity of air, as was let in before the ligut was revived, was enough to make ir 
become plainly viſible, though but dim ; in which ſtate it continued, till we thought fit 
to let in more air upon it. Farther trials I could not make with theſe glow-worms, 
having received them but that night out of the country, and being the next morning tg 


begin a journey. 


EXPERIMENT V. 
Wherein the former enquiry is fartber proſecuted. 


Art the lately mehtioned trials we made with the glow-worms, having procured tuo 
or three other of thoſe inſets, whereof one was judged to be as large as three ordinary 
ones, we found when we had brought them out of the country to London, that this 
great worm was dead, as far as we were able to judge, and finding him to retain a con- 
ſiderable degree of luminouſneſs in the under part of his tail, we put him into the ſmall 
receiver formerly mentioned, to try whether after the death of the animal, the ſhining 
matter would retain its former properties ; but at the firſt time the air was pumped out. 


after the uſual manner, the light was not only not aboliſhed, but continued vivid enough, 


and ſo it did when the air being let in, and again withdrawn, the trial was made a ſecond 
time. But being unwilling to abandon the experiment till we tried it yet a little further, 
I cauſed the receiver to be exhauſted yet once or twice more, and at length I perceived, 
that the light began to diminiſh, as the air was withdrawn; and laſt of all, it ſo dilap- 


peared, that the by-ſtanders could not ſce it, whereas upon the re- admiſſion of the alr, 
the light ſhone vividly as before, if not more bright, This experiment was reiterated 
with the like ſucceſs, and in both theſe times the like happened to the light of the dead 
one, and of a living one that we included with it, to be able to compare them together; 
though there were this diſparity betwixt them, that the luminous part of the dead worm 
was much larger than that of the living, and the light of the latter appeared of a very 
greeniſh blue, whereas that of the. former ſeemed to be of a white yellow. | 


EXPE 


betwixt Air and the Flamma Vitalis of Animals, 


EXPERIMENT Vi. 
Made to examine whether animals be beavier dead than alive, 


Ir is a received tradition, that bodies when dead are much heavier than the ſame 
were when alive: the matter of fact being taken for granted, ſome will perhaps aſcribe 
the change to the utter inability of a dead body any way to aſſiſt thoſe that endeavour 
to remove it, Bur, according to the general opinion, this difference proceeds from the 
total extinction or receſs of the ſpirits vital and animal, which being ſuppoſed to be not 
only agil but light, leſſened the weight of the body they enlivened ; and flame being 
conceived to be the lighteſt among bodies here below, it 1s not improbable, that ſome 
will aſcribe the phænomenon to the levity of the flame, which by being diffuſed through 
the body of an animal, and vivifying it, deſerves the name of vital. But I would not 
adviſe any to rely on this conceit, till they are duly fatisfied of the truth of the matter of 
fact; which becauſe I have not yet found, that any has endeavoured to try, I ſhall on. 
this occaſion give you the following tranſcript of one of my notes about ſtatical experi- 
ments. 

A Mouse, weighing about three drachms and a half, being put in one of the ſcales 
of a very nice balance, was counterpoiſed together with a ſtring, that was tied about his 
neck like a nooſe, and after a while, by drawing the ends of it, was there ſtrangled. As 
ſoon as we judged him quite dead, we weighed him again, and though nothing was ſeen 
to fall from him; yet, contrary to the received tradition, that bodies are much heavier dead 
than alive, we found the weight to have loſt about 5 of a grain; which probably pro- 
ceeded from the avolation of divers ſubtile particles upon his violent and convullive 
ſtrugglings with death. But this was no more than an experiment of this kind, made 
ſome years ago, induced me to expect and foretel. 

' AFTERWARDS in a larger balance, but a very good one, purpoſely made for nice ex- 
periments, we took a very young catlin, of between ten and eleven ounces in weight, 
and cauſed him to be ſtrangled on the ſame ſcale, wherein he had been put. But he could 
not be diſpatched ſo ſoon as an ordinary full grown animal ; ſo that by that time he was 
quite dead, we found him not only not to be grown heavier, but lighter by four grains, 
which did not much ſurprize us, having elſewhere noted the life of ſo very young crea- 
tures of that kind not to be eaſily deſtroyed for want of reſpiration. And I remember, 
that, for trial's ſake, another. catlin of the ſame litter with this I have mentioned, be- 
ing included in a receiver, wherein another animal of that ſize might probably have 
been diſpatched in two or three minutes by the pumping out of air, was kept there ſome-- 
what above a quarter of an hour before he appeared to be quite dead. 
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tioned elſewhere about glow-worms z which is this, that if they be killed whilſt they are 
ſhining, their luminous matter may continue to ſhine for a good while after it is taken 
out of their bodies; and accordingly having put ſome of that we took out of the foremen. 
tioned inſets, upon a little paper, and included it in the receiver we employed, the 
candles be ing removed, we perceived it to ſhine vividly enough before the pump wa; 
ſet on work, and afterwards to grow dimmer and dimmer, as the air was more and more 
drawn out, till at length it quite vaniſhed ; and it re-appeared immediately upon the air; 
return. This experiment was reiterated twice more with the ſame ſucceſs for the main 
But we took notice, that the luminous matter, after the air was let in, ſeemed . 
not only to have regained its former degree of light, but ſenſibly encreaſed it (as it once 
happened alſo in the experiment made on the living worms) which, whether it vas 
cauſed by any real change made by the receſs and acceſs of the air in the matter Itſelf, 
or by the greater accuſtomance of our eyes to the darkneſs of the place, I diſpute not; 
and ſhall only add this phænomenon of one of our trials, that having a mind to ſee, 
whether a very little proportion of returning air would not ſuffice to reſtore ſome little 
light to the diſappearing matter, it was ſomewhat ſtrange to obſerve, that fo very ſmal 
a quantity of air, as was let in before the light was revived, was enough to make i 
become plainly viſible, though but dim; in which ſtate it continued, till we thought fi 
to let in more air upon it. Farther trials I could not make with theſe glow-worms, 
having received them but that night out of the country, and being the next morning uu 


begin a journey, 


EXPERIMENT V. 
Wherein the former enquiry is farther proſecuted. 


ArTex the lately mehtioned trials we made with the glow-worms, having procured tuo 
or three other of thoſe inſets, whereof one was judged to be as large as three ordinay 
ones, we found when we had brought them out of the country to London, that this 
great worm was dead, as far as we were able to judge, and finding him to retain a con- 
ſiderable degree of luminouſneſs in the under part of his tail, we put him into the ſmul 
receiver formerly mentioned, to try whether after the death of the animal, the ſhining 
matter would retain its former properties; but at the firſt time the air was pumped out. 
after the uſual manner, the light was not only not aboliſhed, but continued vivid enough, 
and ſo it did when the air being let in, and again withdrawn, the trial was made a ſecond 
time. But being unwilling: to abandon the experiment till we tried it yet a little further, 
I cauſed the receiver to be exhauſted yet once or twice more, and at length I perceived, 
that the light began to diminiſh, as the air was withdrawn; and laſt of all, it ſo dilap- 

eared, that the by-ſtanders could not ſce it, whereas upon the re- admiſſion of the alt, 
the light ſhone vividly as b-fore, if not more bright, This experiment was reiterated 
with the like ſucceſs, and in both theſe times the like happened to the light of the dead 
one, and of a living one that we included with it, to be able to compare them together; 
though there were this diſparity betwixt them, that the luminous part of the dead worm 
was much larger than that of the living, and the light of the latter appeared of a ver) 
greeniſh blue, whereas that of the former ſeemed to be of a white yellow. 


EXPE 


betwixt Air and the Flamma Vitalis of Ani mals, 


EXPERIMENT Vi. 
Made to examine whether animals be beavier dead than alive, 


Ir is a received tradition, that bodies when dead are much heavier than the ſame 
were when alive: the matter of fact being taken for granted, ſome will perhaps aſcribe 


the change to the utter inability of a dead body any way to aſſiſt thoſe that endeavour 


to remove it, But, according to the general opinion, this difference proceeds from the 
total extinction or receſs of the ſpirits vital and animal, which being ſuppoſed to be not 
only agil but light, leſſened the weight of the body they enlivened ; and flame being 
conceived to be the lighteſt among bodies here below, it is not improbable, that ſome 
will aſcribe the phenomenon to the levity of the flame, which by being diffuſed through 
the body of an animal, and vivifying it, deſerves the name of vital. But I would not 
adviſe any to rely on this conceit, till they are duly fatisfied of the truth of the matter of 


fact; which becauſe I have not yet found, that any has endeavoured to try, I ſhall on. 


this occaſion give you the following tranſcript of one of my notes about ſtatical experi- 
ments. 

A Mouse, weighing about three drachms and a half, being put in one of the ſcales 
of a very nice balance, was counterpoiſed together with a ſtring, that was tied about his 
neck like a nooſe, and after a while, by drawing the ends of it, was there ſtrangled. As 
ſoon as we judged him quite dead, we weighed him again, and though nothing was ſeen 


to fall from him z yet, contrary to the received tradition, that bodies are much heavier dead. 


than alive, we found the weight to have loſt about n of a grain; which probably pro- 


ceeded from the avolation of divers ſubtile particles upon his violent and convulſive 


ſtrugglings with death. But this was no more than an experiment of this kind, made 
ſome years ago, induced me to expect and foretel. 


' AFTERWARDS in a larger balance, but a very good one, purpoſely made for nice ex- 
periments, we took a very young catlin, of between ten and eleven ounces in weight, 
and cauſed him to be ſtrangled on the ſame ſcale, wherein he had been put. But he could 


Not be diſpatched ſo ſoon as an ordinary full grown animal ; ſo that by that time he was 


quite dead, we found him not only not to be grown heavier, but lighter by four grains; 


which did not much ſurprize us, having elſewhere noted the life of ſo very young crea- 
tures of that kind not to be eaſily deſtroyed for want of reſpiration. And I remember, 
that, for trial's ſake, another catlin of the ſame litter with this I have mentioned, be- 
ing included in a receiver, wherein another animal of that ſize might probably have 


been diſpatched in two or three minutes by the pumping out of air, was kept there ſome-- 


what above a quarter of an hour before he appeared to be quite dead, 
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ADVERTISEME N T. 


Tuxer two following attempts falling into the hands of che author after the preceding 
experiments were printed, it was thought fit to annex them here for the affinity of the 


An ATTEMPT to produce Living 
CREATURES in Facuo Boyltano. 


T. reference to the opinion of thoſe naturaliſts, that hold the ſeeds of living ereatures 
to be animated, and eſpecially to the hypotheſis of thoſe learned men that aſſert the 
flamma vitalis lately mentioned; it may be an enquiry of moment, whether or no in 
the ſeminal principles, or rudiments of animals, the manifeſt operations of life may be 
excited without the concurrence of the air, whoſe intereſt in the production and conſer- 
vation of flame may be gathered from the foregoing experiments. For, it ſeems likely 
to prove no inconſiderable diſcovery in reference to the lately mentioned hypotheſis, if i 
be found, that the principle of life in ſeminal rudiments needs, as well as other flames, 
the concurrence of the air to actuate it, 

I THOUGHT fit, therefore, notwithſtanding the great and almoſt inſuperable difficulties, 
which it was eaſy enough for me to foreſee I ſhould meet with, to attempt the hatch- 
ing of eggs in our vacuum: but though I made ſome unſucceſsful trials of this kind, 
in order to a diſcovery about reſpiration (not here to ſpeak of the attempts I made about 
the animation of putrid matter) yet leaving the mention of them to its proper place, I 
ſhall only take notice in this, what directly concerns the prefent inquiry. Conſidering 
then, that pregnant females cannot be made to live and bring forth young in our ex- 
hauſted receiver, and that the eggs of birds, and ſuch greater. animals, do, in. this colder 
climate of ours, require to be hatched by the incubation of the females, or other birds; 
I thought the fitteſt ſubjects I could both make choice of, and procure for the de. 
ſigned experiments, would be the eggs of ſilk- worms. For, having many years ſince 
tried ſeveral things about thoſe inſects, and among others found, that their eggs would 
be hatched, not only by the heat of one's body (though that be the uſual way) but by 
the warmth of the ſun even here in England, if they be kept till the ſpring be far enough 
advanced: remembering this, I ſay, I got a good number of ſilk- worms eggs; and 
having cauſed three conveniently ſhaped, but very ſmall receivers, to be purpoſely 
made, that differed very lit:le (and that accidentally) either in ſize or figure, we con- 
veyed into each of them, together with a ſmall ſtock of mulberry-leaves, ſuch a num- 
ber of eggs, as we thought ſufficient to make one morally ſecure, that at leaſt ſome of 
them were prolifick: this done, we carefully exhauſted one of them, and ſecured it 
againſt the return of the air; the two others we left full of air: but having left in one a 
little hole for the air to come in and get out at, we ſtopped the other fo cloſe, as to 
hinder all intercourſe between the included air and the external. All things being thus 
prepared, we expoſed the receivers to a ſouth-window, where they might lie quiet, and 
where J either came, or ſent to look on them from time to time; the ſpring being on 
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An Attempi made upon Gnats in our Vacuum, 


ſo far advanced, that I ſuppoſed the heat of the ſun would be of itſelf ſufficient to hatch 
them in no long time, : : 

As to the ſucceſs of this trial, my not being able to find any regiſter of the parti- 
cular phænomena that occurred, keeps me from venturing to relate it very cicum- 
ſtantially ; but this I remember in general, that both I and others took notice, that in 
the unexhauſted receivers there were divers eggs hatched into little inſefts, that per- 
forated their ſhells, and crept out of them; though afterwards, for want of change of 
food, or air, or both, few or none of them proved long-lived. But though the eggs 
in theſe receivers began to afford us little animals in a few days; yet the eggs in the 
exhauſted receiver did not, in many more, afford us any. And though I will not ven- 
ture to ſay, how long preciſely we kept them in the ſame window, after ſome of the 
above-mentioned eggs were hatched ; yet (if I much miſtake not) it was, from firſt to 
laſt, about three or four times as long; and I remember, we kept them till it was 
thought to no purpoſe to wait any longer, and agreed in imputing the not hatching of 
the eggs by the ſo long continued action of the fun to the abſence of the air. 

Wnar other phenomena occurred to us in making this experiment, and another 
not unproſperous one upon the eggs of flies, you may expect, when I can light on my 
notes about them, or have my memory refreſhed by thoſe that affiſted at the making 
of them, 
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An AT TE MPT made upon GN AT s in our 
| Vacuum. 


ELSEWHERE mention, that it has been obſerved by a couple of our virtuoſi (whom 
I there name) and ſeveral times by me, that here in England multitudes of gnats 
are generated of little animals, that live, for a part of the tummer, like fiſhes in the 
water; and conſidering, that by theſe a very unuſual paſſage is made from ſwimming 
to flying animals, I thought them very fit ſubjects, whereon to make the following ex- 
periment. 

[PAR TL v to try, whether at leaſt an animal already living and moving in our va- 
cuum may be able to attain the perfection due to it, according to the courſe of nature; 
and partly to examine, whether, in caſe he ſhould attain it, at leaſt the lighter ſort of 
winged inſects, may be able to fly in that place; and partly to diſcover, whether an ani- 
| mal, that had long lived in our vacuum, would, when turned to-a fly, be able to con- 
tinue alive without reſpiration, he had never been-accuſtomed to, in' its priſtine form or 
ſtate; we took divers of thoſe little ſwimming creatures, which in autumn, eſpecially 
towards the end of it, are wont to be turned into gnats, and having put a convenient 
number of them together in a fit quantity of rain-water, wherein they had been found 
and kept, into a ſmall receiver, the air was pumped out, and the veſſel ſecured againſt 
Ns return, and then ſet aſide in a place, where I could obſerve, that the day after ſome 
of theſe little animals were yet alive and ſwimming to and fro, not without minute bub- 
bles adhering to them ; but at the end of a day or two after that, I could not perceive 
any of them to ſurvive their dead companions, nor did any of them recover, when 
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New Experiments about Exploſions. 


freſh air was let in upon them. But though this experiment were the beſt I was 
able to make, yet I reſolved, if God ſhould vouchſafe me life and health, to repeat it 
the enſuing autumn; that, wherein it was made, proving ſo cold and unſeaſonable 
that a number of theſe little creatures, put up with water into another ſmall receiver. 
died all within a few days, though none of the air was exhauſted ; and ſeveral, tha | 
kept in an ordinary glaſs, that was divers times unſtopped to give them freſh air, did 
yet periſh at no ordinary rate. And I confeſs (as unkind as this trouble of mine m; 
ſeem to the air) that the failing of this and ſome other experiments of producing is 
in our exhauſted receivers was the more unwelcome to me, becaufe I had, and have fil 
a great deſire to ſee, if it be poſſible, what would happen to animals, which had been 
produced in a place free from the preſſure of the atmoſphere, as if they had been born 
in Epicurus's imaginary intermundane ſpaces, upon their” coming to be ſuddenly (yr. 
rounded with our heavy air, and having their tenderly framed bodies expoſed to its im- 
mediate preſſure, ] 
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NEW EXPERIMENTS 
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(Annexed, by way of Ar PEN DIx, to the former PAPERS, 


TORASMUCH as ſome of the learned men, that are the grand aſſertors of the flamma 
vitalis {whoſe opinion occaſioned my preſenting you the foregoing experiments) do 


alſo, with the juſtly famous Dr. Willis, explicate many of the motions of animals, eſpe- 


cially thoſe performed in the muſcles, by the exploſions made of certain juices or flud 
ſubſtances of the body, when they come to mingle with each other: and foraſmuch allo 
as I do not remember, I have heard the maintainers of this hypotkeſis inſiſt on other 
inſtances in favour of it, than the going off of gunpowder ; which being not a liquor, 
hut a conſiſtent and brittle body, and requiring for its exploſion either actual fire, of 4 
far intenſer heat, than can be ſuppoſed natural in men, and other animals; I was in. 
duced to ſuſpect, they were not yet provided with better examples; and therefore | 
preſume, it will be looked upon, as a thing neither uſcleſs, nor altogether impertinenh, 
if, without offering to determine any thing ab out the truth of the opinion, I ſupph the 
embracers of it with two or three examples of exploſions made by the bare mingling 0 
liquors ; which I ſhail borrow from the elſewhere- mentioned notes, that I drew up ſome 
years ago, in order to the improvement of ſume parts of phy ſick. 
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New Experiments about Explrfions. 


EXPERIMENT I. 
Of an exploſion made with the ſpirits of niire and wine. 


We took ſpirit of nitre, ſo ſtrong, that the fumes made the upper part of the glaſs 
it was kept in, always reddiſh ; and having put but one ounce of it into a bolt-head, 
with a long neck, capable to contain, as we gueſſed, twelve of ſixteen times as much, 
we cauſed an equal weight of alcohol, or highly rectified ſpirit of wine, to be taken, and 
a little of it being put to the ſpirit of nitre, it preſently made ſo ſtrong and quick an 
expanſion or exploſion, that ſome of it flew out of the glaſs, and hit againſt the ceiling 
of the room (where I ſaw the mark of it) and falling upon his face that held the glaſs, 
made him think (as he told me) that fire had fallen upon it, and made him run down 
the ſtairs like a madman, to quench the heat at the pump. Wherctore, bidding the 
laborant proceed more warily, I ordered him to put into the bolt-head but part of a 
ſpoonſul of ſpirit of wine at a time; and yet, at each of a pretty many affuſions that 

Raid to ſee the effect of, there would be a great noiſe, as of an ebullition, though no 

ſtore of froth produced, and accompanied with ſo great a heat, that I could not hold 
the glaſs in my hand; and immediately there would iſſue out a copious and red ſmoke; 
to which when I cauſed a little candle to be held, though at near half a foot diſtance 
from the top of the bolt-head, it would preſently take fire, and burn at the top of che 
bolt-head like a flame at the upper end of a candle, till I cauſed it to be blown out, that 
freſh ſpirit of wine might be poured in; which, when it was all mingled with the 
other liquor, the heat and conflict ceaſed. 
Divas other phenomena relating to this experiment (by which I intended to make 
out more things than one) belong not to our preſent ſubject, and are already fer down 
in other papers. But yet it will be pertinent to ſhew in this place, that the noiſe and 
ebullition produced in this mixture 1s not unaccompanied with a briſkly expanſive, or an 
exploſive motion. To make then an experiment to this purpoſe, and yet avoid the 
danger, whereto the making of it unwarily might expoſe both the veſſels and us, we 
put an ounce of ſuch ſtrong ſpirit of nitre, as is above-mentioned, into a moderately 
large bolt-head furniſhed with a proportionable ſtem, over the orifice of which we 
ſtrongly tied the neck of a thin bladder; out of which moſt part of the air had been 
expreſſed, and into which we had conveyed a ſmall phial, with a little kighly rectified 
ſpirit of wine : then this phial, that betore was cloſed with a cork, being unſtopped, 
without untying or taking off the bladder, a ſmall quantity, by gueſs not a quarter of 
a ſpoonful, of the alcohol of wine, was made to run down into the ſpirit of nitre, 
where it preſently produced a great heat and commotion, and blew up the bladder, as 
far as it would well tlretch, filling alſo the ſtem and cavity of the glaſs with very red 
tumes, which preſently after forced their way into the open air, in which they continued 
lot a good while to atcend in the form of an orange-coloured ſmoke, 


EAFERIMERNTS HM, 
Of an explefion made with oil of vitriol and il of turpentine, 


Ir H had at hand the papers, you have divers times heard me ſpeak of, about heat, 


I coal give you the particulars of ſome trials about exploſion, that perhaps you would 
E Vol, III. 4 F tir. k 
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think more pertinent than deſpicable : but, for want of thoſe papers, I muſt contre 
myſelf to tell you in general, that I remember, that I have, more than once, taken 
ſtrong oil of vitriol, and common oil of turpentine, and 'warily mixed them in a certain 
proportion, by ſhaking them very well together; and that thereupon. enſued (What! 
had reaſon to look for) ſo furious an agitation of the minute parts of the mixture, and 
ſa vehement or ſudden expanſion or exploſion, as did not only ſeem. ſtrange to the ſpec- 
rators, but would have proved dangerous too, if I had. not taken.care before-hang 
that the trials ſhould be made in a place where there was room enough; and tha 
even the operator, that ſhook the veſſel, ſhould ſtand at a convenient. diſtance from the, 


mixture. 


EXPERIMENT m. 
About an exploſion made by two bodies actually cold. 


I REMEMBER not, that I found the aſſertors of exploſions in animals to have taker 
notice of a difficulty, which to me ſeems not uneaſy to be obſerved, and yet very wor- 
thy to be cleared: For it is known, that fiſhes, and thoſe eſpecially of the vaſter fort, 
can move and act in the waters with a ſtupendous force; and yet it is affirmed by 
thoſe that pretend to know it, that the blood of moſt fiſhes is {till actually cold: and 
I remember, I found the blood even of thoſe I diſſected alive to be fo. From whence, 
moft men would argue, that even in the vaſt ſea-monſters there can be made no ex- 
ploſions, theſe being ſtill effected by or accompanied with an intenſe degree of heat. 

IT were incongruous to my deſign to examine this difficulty, as it directly regards 
the exploſions ſaid to be made in animals: but ſpeaking of exploſions in general, per-. 
haps I might do the favonrers of vital ones (if I may ſo term them) no unacceptable 
piece of ſervice, by experimentally ſhewing that it is not ĩimpoſſible, though it ſeem 
very unlikely, that exploſions ſhould be made upon the mixture of bodies, which, whilſt 
they ſeem to put one another into a ſtate of efferveſcence, are really cold, nay, colder 
than before their being mingled. Of theſe odd kind of mixtures, I remember I have 
in another * paper ſet down ſome trials, that I made to other purpoſes, as well with 
two liquors,” as with a liquor and. a ſolid body; which. later ſort I there mention my. 
having made by an improvement of an experiment of the excellent Florentine virtuoſi. 
And among thoſe trials I find one, whoſe pertinency to the matter in hand invites me to 
annex as much of it, as is proper in this place. | 

THERE were put two ounces of powdered ſal armoniac into a pretty large glaſs-tube, 
hermetically ſealed at one end; into the ſame a ſlender glaſs-pipe, furniſhed with two 
ounces of oil of vitriol, was ſo put, that, when we pleaſed, we could make the liquor 
run out into the larger tube; which, after theſe things were done, was claſed. exactly, 
ſo that nothing might get in or out. My deſign was, that this inſtrument ſhould be la 
warily inverted, tifat the operator might get out of the way, and the oil of vitriol, fal- 
ing ſlowly upon the ſal armoniac, ſhould,” without producing any heat, produce an ex- 
ploſion not dangerous to the. by-ſtanders. But whilſt I was-withdrawn to a neighbout- 
mg place to write a letter, the operator not ſtaying for particular directions, raſhly in- 
verted the inſtrument, without taking care to get away; whence it happened, that as 

ſoon as ever the contained liquor, being too plentifully poured out, came to work. on 


About the production or extrication of air. the 
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the ſal armoniac, wherewith it is wont to produce cold, there was fo ſurprizing arid ve- 
hement an expanſion or exploſion made, that with a great noiſe (which as the laborant 
affirmed, much exceeded the report of a piſtol) the glaſſes were broken into a multitude 
of pieces, many of which I ſaw preſently after, and a pretty deal of the mixture was 
thrown up with violence againſt the operator's doublet and his hat, which it ſtruck 
off, and his face; eſpecially about his eyes, where immediately were produced extreme- 
ly painful tumors, which might alſo have been very dangerous, had I not come timely 
in, and (to add that upon the by) made him forthwith diſſolve ſome ſaccharum Saturni 
in fair water, and with a ſoft ſpunge keep it conſtantly moiſtened by very frequently 
renewed applications of the liquor: by God's blefling upon which means, within an 
hour or two, the pain, that had been ſo raging, was taken away, and the fretting 
oil of vitriol was kept from ſo much as breaking the ſkin of the tumors that it had 
made, 

Tax firſt part of the relation of this trial might have been omitted, or at Icaſt 
ſhortened, unleſs I had deſigned to communicate unto you a way of doing what I do not 
know to have been attempted by others, namely to put bodies together, when and by 
what degrees one 'pleaſes, after the glaſs, that contains them, has been hermetically 
ſealed up; which mechanical contrivance, eſpecially as it may be varied, may be, as I 
have tried, uſefully applied to more purpoſes, than it were proper here to take notice of. 

Bur to conclude with a word or two touching the foregoing experiment, I Hall on] 
add, that another time we made a like trial a ſafer way, by tying a bladder fo to the 
top of a bolt-head, into which we had before-hand put the ſal armoniac, that, by waril 
moving the bladder, whence the air had been expreſſed, we could make ſome of the ſal 
armoniac, we had lodged in its folds, to fall upon the liquor, with which it preſently 
made an exploſive mixture, that quickly blew up the bladder, : 

Bur theſe, Sir, are bare conjectures, left to be, after a farther diſcuſſion (if you 


think them worthy of it) determined by you, to whom as theſe papers ate addreſſed, fo 
they are allo ſubmitted by the writer of them, 


I am, S8 I R, 
Fouts, &c. 
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HYDROSTATICAL DISCOURSE 


OCCASTONED BY THE 


OBJECTIONS of the Learned Dr. HENRY MORE, 


 &GAINST SOME 


EXPLICATIONS of Nzw ExrERIMRNTS made by Mr. BOYLE; 


AND R O 


Publiſned by way of PREFACE to the three enſuing TRACTS. 


To the READER. 


HEN I determined to write this polemical diſcourſe, I did not forget, that whet 
W I firſt ventured ſome of my trifles abroad into the world, my friends obtained 
from me a promiſe, that after I ſhould have anſwered the two firſt, that ſhould er- 
preſly write againſt me (which happened to be the learned Linus and Mr. Hobbes) to 
ſhew that I was not altogether unacquainted with a way of defending truths, I would a 
terwards write no book in anſwer to any that ſhould come forth againſt mine; for, not 
only my friends, but I, thought it enough for a perſon, that never was a gown-man, to 
communicate freely his thoughts and experiments to the curious, without deſpairing, 
that thoſe things that ſhould be evidently true, would be able to make their own vi); 


and ſuch as were very probable, would meet with patrons and defenders, in ſo = 
7 
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ve an age as ours. And indeed I do not find that either upon the account of my wri- | 
| 
| 
| 


- or ingenious men's opinion of them, I have had much cauſe to repent the keep- 
in 1 my promiſe, notwithſtanding the writings that have impugned ſome of mine, 
— without much prejudice, that I Know of, either to the propoſed truths, or the pro- 
oſer of them. And therefore I ſhould not at all have entered upon defence of wh t 
attacked of mine by the learned Dr. More, if I had not ſuppoſed, that it would not 
require a book, but might be diſpatched in a preface: for having by me ſome little 
tracts that ſhould, though the doctor had never engaged me, have be-n imparted to the | 
ublick, and obſerving that the new experiments contained in one or other of them would | 
by an eaſy application be brought to confirm my formerly delivered explications of other | 
hznomena, and enervate the doctor's objections againſt them; I thought I might, it 
without long troubling the reader, or myſelf, defend what 1 looked upon as truth, by | 
anſwering ſome incidental paſſages of the doctor's diſcourſe, and referring the reader, 
for the main points in controverſy between us, to thoſe experiments of the following | 
tracts, which clearly contain the grounds of deciding them. But yet this conſideration | 
would not perhaps have engaged me to write the following preface, if the objections I 
was to anſwer had not been by a perſon of ſo much fame, propoſed with ſo much con- 1 
fidence, and though with very great civility to me, yet with ſuch endeavours to make 4 
my opinions appear not only untrue, but irrational and abſurd, that I feared his diſ- | | 
courſe, if unanſwered, might paſs for unanſwerable, eſpecially among thoſe learned men, 
who, not being verſed in hydroſtaticks, would be apt to take his authority and his con- l 
fidence for cogeat arguments; and who (not obſerving how 1.beral ſome men are of | 
titles to the arguments, that pleaſe them) would make a ſcruple of thinking, that what is [ 
with great ſolemnity delivered for a demonſtration in a book of metaphyſicks, can be | 
other than a metaphyſical demonſtration. The care therefore, that what I judge to be | 
true, ſhould not be made to paſs for abſurd, which is a degree beyond what is merely 1 
erroneous, by being ſo ſeverely handled by a perſon. of Dr. More's fame and learning, l 
induced me to begin the following paper; which ſhould have been ſhorter than now it | 
is, but that I was perſuaded to lengthen it beyond what was either neceſſary or deſigned, 
that I might, by the addition of ſome few thoughts and experiments on the occaſions 
that were ſuggeſted to me, endeavour to clear up and confirm ſome hydroſtatical truths, 
that, I fear, are but by very few either aſſented to, or perhaps ſo much as underſtood, 
and ſo might make the reader amends for the trouble I was forced to give him in a diſ- 
pute, which I apprehended he might otherwiſe think himſelf but little concerned in. And 
he will, I hope, eaſily diſcern, that I have no mind to burthen him in. my preface 
with things not pertinent to the ſcope of it, if he take notice, that both for his ſake 
and the learned doctot's (whoſe civility I would not leave unanſwered) I have reſtrained 
myſelf to the defenſive part, forbearing to attack any thing in his Enchiridium Meta- 
phyſicum, fave the two chapters, wherein l was particularly invaded. 

Bur though I have declined the delivering my opinion of the doctor's book, yet 1 
dare not forbear owning my not being ſatisfied with th:t part of his preface, which falls 
foul upon Monſieur des Cartes, and his philoſophy. For though I have often wiſhed, . 
that learned gentleman had aſcribed to the divine Author of nature a more particular 
and immediate efficiency and guidance, in contriving the parts of the univerſal matter 
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into that great engine we call the world; and though l am (till of opinion that he might l 
have aſcribed more than he has to the ſupreme Cauſe, in the firſt origin and produc- | 
tion of things corporeal, without the leaſt injury i truth, and without much, if any, | 
Prejudice to his own philoſophy ; and though not confining myſelf to any ſect, I do: 


BOT 
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dot profeſs myſelf to be of the Carteſian : yet I cannot but have too much value for 0 
great a wit as the founder of it, and too good an opinion of his ſincerity in aſſen 
the exiſtence of a deity, to approve ſo ſevere a cenſure, as the doctor is pleaſes * 

ive of him. For I have long thought, that in tenets about religion, though it be y r 
juſt to charge the ill conſequences of men's opinions I the opinions themſelves , yet 
it is not juſt, or at leaſt not charitable, to charge ſuch conſequences upon the rfons, 
if we have no pregnant cauſe to think they diſcern them, though they diſclaim them 

And ſince men have uſually the fondneſs of fathers for the offspring of their own braine 
1 ſee not, why Carteſius himſelf may not have overlooked the bad inferences that may 
be drawn from his principles (if indeed they afford any ſuch) ſince divers learned, ang 
not a few pious perſons, and profeſſed divines of differing churches, have ſo little per- 
ceived, that the things objected are conſequent to ſuch principles, that they not onl 
abſolve them as harmleſs, but extol them as friendly and advantageous to natural rel. 
gion. And I ſee not, why ſo great and radiant a truth, as that of the exiſtence of a 
God, that has been acknowledged by ſo many mere philoſophers, might not as well im- 
Rreſs itſelf on fo capable an intellect, as that of Monſieur des Cartes; or that ſo piercing 
a wit may not really believe he had found out new mediums to demonſtrate it by, 
And ſince the learned Gaſſendus, though an eccleſiaſtick, had been able, as well ſafely, 
as largely to publiſh the irreligious philoſophy of Epicurus himſelf ; it ſeems not likely, 
that 7 dexterous a wit as that of Monſieur des Cartes could not have propoſed his no- 
tions about the mechanical philoſophy, without taking ſo mean a courſe to ſhelter 
himſelf from danger, as in the moſt important points, that can fall under man's con- 
ſideration, to labour with great ſkill and induſtry to deceive abundance of ingenious men, 
many of-whom appeared to be lovers of truth, and divers of them lovers of him alſo, 
And I am the more averſe from ſo harſh an opinion of a gentleman, whoſe way of 

-writing, even in his private letters, tempts me very little to it, becauſe I cannot think 
him an atheift, and an hypocrite, without thinking him (what Dr. More has too much 
celebrated him) to call him a weak head, and almoſt as bad a philoſopher as a man, 
For, as far as I underſtand his principles, ſome of the moſt important points of his phi- 
loſophy (which, if it were needful, I could name) are interwoven with the truth of 
the exiſtence of a God, or do at leaft ſuppoſe it, and are not demonſtrable without it, 

But I muſt not prevent the Carteſians, who, now he cannot do it for himſelf, I doubt 
not will apologize for their maſter ; though looking upon him as a great benefattor 

to, though not the firſt founder of the mechanical philoſophy, I could not conſent, by 

a total filence upon ſuch an occaſion, to become any way acceſſary to the blemiſhing of 
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SIR, 


in the learned Dr. More's Enchiridium Metapbyſicum, 1 this day turned over the 
leaves of one, which I have freſhly received from the reverend author himſelf ; and 


and being aſſiſted by the ſeries of the titles, I quickly lighted on that part of the. 


book, whoſe ſubject made me expect to find myſelf queſtioned there, as I preſently 


found I was. For though that civil adverſary is pleaſed to omit my name, and, the 
farther to diſguiſe it, employs, inſtead of it, a great and unmerited encomium ; yet by 


tie book he cites, and the experiments -againſt which he argues, it is very eaſily diſco- 
verable, that his objections are meant againſt me, who ſee yet no cauſe at all to be ſcrupu- 
lous to own- my name, and the doctrine delivered in the paſſages he is pleaſed to oppoſe. 


I'pousT not but you will preſently deftre to know what I think of this much ex- 


pected work; but when I have told you, that I have gained time to peruſe only (and 


that but curſorily) the twelfth and ' thirteenth chapters, you will, I queſtion not, excuſe 
a perſon that does exceedingly want health, and yet wants not almoſt continual avoca- 


tions, if I now content myſelf to give you my thoughts of that part of the newly- men- 


tioned chapters, which properly relates to me; I ſay, that part of the chapters, becauſe - 
there are others, wherein I need not intereſt myſelf, For, to omit other paragraphs, the 


doctor has, in the former part of the twelfth chapter, thought fit to ſeparate- from my 
explication of the phænomena in queſtion betwixt us that of the learned Henricus Re- 
gius; and the latter part of the ſame chapter he imploys in an ingenious diſpute againſt 
thoſe that would have the atrial particles act with perception and deſign, and (as he 


ſpeaks) pro ne rata; which opinion you will eaſily believe I neither was of, nor am like Sed. 16, 


to adopt, 
IT remains then, that ſetting aſide thoſe diſcourſes of the twelfth chapter, wherein it 


is needleſs, that I ſhould make myſelf a party; I proceed to conſider thoſe paragraphs, 


which will be eaſily gueſſed to be levelled at my explications, and by which 1 muſt con- 


leſs, I cannot at all be yet convinced of their being falſe ones. But in doing this, I ſhall 


not only, in compliance with my preſent haſte, but alſo to expreſs my reſpe& to the 
learned doctor, forbear to ſay any more, than what I ſhall judge requilite to anſwer the 
objections that directly concern my own explications, without meddling, by way of re- 
taliation, with his hypotheſes or opinions, or endeavouring to ſet any palſſages of his 


writings at variance among, themſelves, or to take thoſe little advantages, which are 


uſually ſought for by diſputants. 


ON the advertiſement you gave me yeſternight, that I was particularly concerned 


I'HALL;. 
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I ﬆHALL not trouble you, nor tire myſelf. with any ſchemes, ſince the doctor ha 
taken the pains to inſert thoſe, that are neceſſary for his purpoſe, in his book, and | 
have not my own at hand. Wherefore, not doubting, that you have by you tho 
books of mine he refers to, and ſuppoſing, that you will, whilſt you are reading, hae 
alſo this book, with the inſerted ſchemes before your eyes, I ſhall nor ſpend time on 
any further preamble, but immediately enter upon the conſideration of the objeQion; [ 
am to anſwer, | | 
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HE firſt explication of mine, that the learned doctor animadverts upon in his 
twelfth chapter, is that which I give in the thicty-third of my phyſico-mechanical 
experiments, touching the ſpring and weight of the air; where I relate, that the ſucker 
in the air-pump of our engine, having been forcibly depreſſed to the lower part of the 
braſs cylinder, which yet was carefully cloſed at the top, ſo that the cavity of the cyl. 
der was empty of air; this ſucker, I ſay, would, in this caſe, appear ſpontaneouſly to 
remount towards the top of the cylinder, though it were clogged with a hundred pound 
weight to hinder its aſcent. Which phenomenon I aſcribed to this, that the fucker 
being, by the withdrawing of the air in the cylinder, freed from the wonted force of 
the ſpringy air, that endeavoured to depreſs the internal part of it, was not enabled, by 
the appendant weight, to reſiſt the preſſure of an atmoſpherical cylinder equal in diame- 
ter to it, which, preſſing againſt its lower or external ſurface, endeavoured to impel 
it up. 
Now the doctor having, in the two firſt paragraphs, made a deſcription of my 
engine, (which I ſhall now paſs over) does in the third teach us, that the corporeal 


cauſe, if there be any, of the aſcent of the ſucker, muſt be either in the ſucker itſelf, 


or in the almoſt exhauſted cavity of the cylinder, or, laſtly, in the external air, Which 
premiſed, he does in the ſame third ſection, and in the fourth, endeavour to prove at 
large, that the cauſe is to be derived neither from the one, nor from the other of the 
two firſt. And therefore I, that maintain neither of the opinions he diſputes againſt, 
ſhall leave thoſe' paragraphs of his untouched. Nor ſhall I meddle. with the filth, ſixth, 
and ſeventh, where he argues againſt the explication of ſome, that would ſolve the 
phenomenon upon ſome Carteſian grounds, and as well amply, as particularly againſt 
the ſolution, that he ſuppoſcs would be given of it, congruouſly to his own ſentiments, 
by the learned Regius. Theſe diſcourſes, I ſay, of the doctor's I leave untouched ; be- 
cauſe it is at length in the eighth paragraph, that he impugns that ſolution of the piz- 
nomenon, which he aſcribes to me, whole opinion he firſt delivers, though not joſt in 
the terms I would expreſs it myſelf; yet I dare ſay very ſincerely, and ſo near my 
zenſe, that I ſhall forthwith paſs. from the eighth ſection to the beginning of the nivth, 
where he begins to propoſe his objections, which he is pleaſed to uſher in with _ 

plimen 
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rment to me, that J ſhould be very vain, if I looked upon as any thing more than a 
ment. . 

N firſt objection, propoſed in theſe words, Primo enim, ſi bæc ſolutio vere mecha- page: 
wica fit, que tandem cauſa vere mechanica aſſignari poteſt gravitationis ſingularum particu- 
larum, totiiſque atmoſphere in ſuis locis? nam quod materiam fublilem attinet, &c. I 
anſwer, thas I did not in that book intend to write a whole ſyſtem, or ſo much as the 
elements of natural philoſophy ; but having ſufficiently proved, that the air we live in, 
: not devoid of weight, and is endowed with an elaſtical power or ſpringineſs, I endea- 
voured by thoſe two principles to explain the phænomena exhibited in our engine, and 
particularly that now under debate, without recourſe to a fuga vacui, or the anima 
mundi, or any ſuch unphy ſical principle. And fince ſuch kind of explications have 
been of late generally called mechanical, in reſpect of their being grounded upon the 
Jaws of the mechanicks; I, that do not uſe to contend about names, ſuffer them quietly 
to be ſo: and to entitle my now examined explication to be mechanical, as far as I pre- 
tend, and in the uſual ſenſe of that expreſſion, I am not obliged to treat of the cauſe of 
gravity in general; ſince many propoſitions of Archimedes, Stevinus, and thoſe others 
that have written of ſtaticks, are confeſſed to be mathematically or mechanically demon- 
ſtrated, though thoſe authors do not take upon them to aſſign the true cauſe of gravity, 
but take it for granted, as a thing univerſally acknowledged, that there is ſuch a quality 
in the bodies they treat of. And if in each of the ſcales of an ordinary and juſt balance 
a pound weight, for inſtance, be put ; he that ſhall ſay, that the ſcales hang ftill in 
æquilibrium, becauſe the equal weights counterpoiſe one another; and in caſe an 
ounce be put into one of the ſcales, and not into the -oppoſite, he that ſhall ſay, that 
the loaded ſcale is depreſſed, becauſe it is urged by a greater weight than the other, 
will be thought to have given a mechanical explication of the æquilibrium of the ſcales, 
and their loſing it, though he cannot give a true cauſe, why either of thoſe ſcales tends 
towards the center of the earth. Since then the aſſigning of the true cauſe of gravity 
is not required in the ſtaticks themſelves, though one of the principal and moſt 
known of the mechanical diſciplines; why may not other propolitions and accounts, 


that ſuppoſe gravity in the air (nay prove it, though not à priori) be looked or as 
raechanical ? 


E 


Tue next thing the doctor oppoſes to my explication, is a reſolute denial, that there 
is any ſuch gravitation as I pretend, of bodies, or their particles, in their proper places. 
But becauſe, for the proof of his negation, he refers us to the next chapter, we ſhall 
hereafrer have a fitter place than this to conſider it in. 

TainrbLy, he tells us, we may juſtly doubt of the equal diffuſion of the ſpringy 
power, or the preſſure of the air every way, In what ſenſe, in ſome caſes, I admit of 
a [mai] inequality between the preſſute of fluids againſt differing parts of a ſurrounded - 
body, I have * elſewhere declared, and need not here diſcowſe of; ſince in the caſe 
before us, and in the like, that preſſure is inconſiderable enough to be ſafely neglected. 
And whereas our author thus argues, Semotd vi elaſticd, particule tamen al moſpbæræ p 
deor ſui enderent. Eſt igitur depreſio quedam deorſum preter vim elaſticam ipft ſuper- 
adlita , ſurſum non item, ſed elaſtica fola, eſtque ſuppar ratio in preſſionibus tranſuerfis & 
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See the I., droſtati al Paradoxes, «ſpecially Parad. 7. 
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obliquis : I preſume he did not ſufficiently conſider our hypothefis and the nature of the 
preſſure of fluid bodies, that have weight: for water, to which no ſpringineſs is aſcr; 
as there is to air, but which acts by its weight and fluidity, is able, upon the ſcore 
of thoſe qualities, to buoy up great ſhips, that the ebbing tide often leaves upon the 
ſtrand. 

Anp whereas the learned examiner propoſes a fourth objection in theſe terme, Aubin 
omnibus addas, difficile eſſe intellectu, fi unius cylindri atmaſpbæræ pondus equalis diam; 


cum embolo refletione in fundum emboli derivetur, cur non quinque alii cylindri aeris, gui 


age 140 
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circumſtant embolum, in ejus fundum eodem modo ſimul agere peſſunt, ita ut vis ſurſun pn 
pellens embolum ſextuplo major fit, quam hatenus ab hujus opinionis fautoribus exiſting; 
eſt. Quod ſi fit, tunc ceriè, fiquo artificio fieri poſſit ut unius ſolius cylindri actio in mig. 
lum admitteretur, religuorum quinque excluſa, & pari tamen facilitate embolus aſc 
manifeſium indicium eſſet, ne unum quidum cylindrum atmoſphere agere in fundum enboli, 
fed totam bypotheſin ingenioſam tantummodo eſſe fictionem. | preſume, hydroſtaticians will 
think this might have been ſpared. For they will tell him, that there can be no more 
of a fluid preſs directly upward againſt the cylindrical orifice of a body immerſed in that 
fluid, than a cylinder of that fluid of the ſame diameter with the orifice, the lateral 
preſſures bearing againſt the lateral parts of the cylinder. And therefore if you invert, 
for inſtance, a pipe open at both ends, and filled to a height with oil, with common 
water; the oil, that is kept up by the preſſure of the water upwards, will keep at the 
ſame height as to ſenſe, whether the veſſel, that contains the water, be broad or narrow, 
provided it be ſomewhat larger than the orifice of the pipe. 

AnD now, to invalidate yet further the precedent objections made by the doctor, 
ſhall add, that it need not be thought incredible, that the atmoſphere by its weight, or 
the ſpring of the air compreſſed by that weight, ſhould be able to raiſe up four-ſcore cr 
an hundred pounds, hanging at the ſucker ; ſince I have * manifeſted two or three years 
ago, by a clear and cogent experiment, that a little air in a bladder will, by its mere 
ſpring, be able to heave up a weight of a hundred pounds, and this without the help of 
any rarefaction by heat. By which experiment may be allo confirmed, what I delivered 
a while ſince about the endeavour of the air, that is wont to be included in our brals 
cylinder, by expanding itſelf to thruſt away the ſucker (which, in regard of the ſtruc- 
ture of the pump, it can do no otherwiſe than downwards) with a depreſſing force, 


equivalent to the preſſure upwards of the atmoſphere, againſt the external part of the 
ſame ſucker. 


C H A P. III. 


Bor I ſhall not inſiſt upon the foregoing objections, becauſe the learned doctor him 
ſelt tells, that their attempts may ſeem to be but light ſkirmiſhes in compariioa of that 
which follows. Whereunto I ſhall therefore apply my attention. | 

Tuts grand objection our learned adverſary takes from the already ofren-mentione 
aſcent of the ſucker clogged with a hundred pounds weight, and recommends by ts 
introduction: Etenim ex ipfis pbænomeni viſceribus robuſtiſſimum jam contra omen . 
chanicam illius ſolutionem argumentum eruo, & quod non ſolum contra vim aeris ecoſtical 
ſupra difto modo explicatam militat, ſed etiam contra Cartefianum illum aeris conan 
niximgue, &c, Which premiſed, the argument itſelf is thus propoſed : Eſt enim , 


* Sce Continuat, of New Exper, Ph; ſico-Mechan. Exper. 48. 


he) 
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he) juxta hujus experimenti phenomenon, vis illa aeris elaſtica nixiſque expanſorius) major 
multo, quam que fieri poteſt a rerum natura, quamque quotidianis illis pbænomenis congruit. 


Nam fi nixus hic elaſticus tantam vim elaſticam haberet, ut plus centum pondo plumbum ſur- 


| i tantd violentid comprimer en- 

in poſit propellere, omnes proſectò rerum terreſtrium compages | 
A 1 niſi que admodum firmiter compactæ ſint, tantæ compreſſioni reſiſtere poſ- 
nt, quin refrigerentur, vel partium colliſione ita contererentur, ut brevi tempore peri- 


t, c. * » . | 2 1 1 
3 u this objection be ſpecious enough, yet it preſents me with no difficulty, that 


I was not well aware of; as I preſume you will eaſily perceive by what you will meet 


with in the following papers, eſpecially that which conſiſts of experiments and conſidera- 
tions about the differing preſſures of ſolids, weights, and ambient fluids. The nature 
of which preſſure and its equality (as far as in our controverſy it is needful to be ſup- 
poſed) will, I hope, ſatisfy you of the invalidity of the propoſed objections ; eſpecially 
ſince the doctrine it impugns, namely the weight and preſſure of the atmoiphere, 
is not a bare hypotheſis, but a truth made out by divers experiments, by which 
even profeſſed oppoſers of it have publickly acknowledged themſelves to be convinced, 


C8: IF 


Ix the next paragraph (which is the eleventh) the learned doctor adds a further ob- 
jection, wherein he ſuppoles, that there is laid upon a wooden ſcale, of the ſame dia- 
meter with the above-mentioned ſucker, a lump of butter of the ſame largeneſs with 
the ſcale. Whence he argues, that if our hypotheſis take place, the butter muſt be 
preſſed againſt by two cylinders of air, the one preſſing it upwards, the other down- 
wards, and the preſſure of them both amounting to two hundred pounds. But, ſays he, 
the butter is not preſſed at all, as appears by this, that no ſerous humour is ſqueezed 
out of it towards the edges, not ſo much as in thoſe parts that lie parallel to the hori- 
zon, whence the concluſion ſeems eaſy to be deduced, 

Bur in the twelfth paragraph, the doctor himſelf propoſes a ſolution, which he might 
ealily foreſee I would employ to invalidate his argument; namely, that the air preſſing, 
as well againſt the ſides of the butter, as againſt the top and bottom, hinders the maſs 
from horizontally extending itſelf, And whereas, by way of reply to this ſubterfuge, 


as it is called in the margent, he ſubjoins, Cui re/pondeo, quod tamen hoc nibil prohibet, Page 142. 


quo minus in omnes partes horizontales exprimatur humor ſereſus & lacteus, fi revera eſſet 
ulla bujuſmodi preſſura elaſtica, qualis fingitur : the reply is eaſy, that the preſſure of the 
ambient air, which is a fluid more ſubtil than butter-milk, will as well hinder the ſtart- 
ing out of that liquor, as of the parts of the butter itſelf ; as he will eaſily grant, that 
attentively conſiders the nature of the thing, and remembers how air keeps water from 
running out at the little holes of a gardener's watering-pot cloſed at the top. What the 
vbjector adds about the extruſion of what he calls a ſubtiler element (ſuppoſed to be 
harboured in the butter) by the preſſure of the atmoſphere, in caſe it had any, I think it 
would not be difficult to anlwer, if we conſidered, that a great and undeniable preſſure, 
a )plied to water, does not ſenſibly condenſe it, or deprive it of its fluidity, becauſe of 
the grofineſs and ſtrength of its parts. But the argument being but tranſiently men- 
toned by the author, ard grounded upon a Carteſian ſuppoſition, that I never em- 


Ployed, I leave it to thoſe, that may think themſelves concerned (which I am not) to 
make a ſolemn anſwer to. 


4 G 2 | Anp 


60 


— ae; ; F —_—_— << 
r 


q 

* 

% 

2 

uf 

— 

} 

| 1 
e 


A Ae 
N 
2 d 


——— 


—— — ao 2 — . 


a — 


— 


| 
q 
\ 


. bw. > 


+. 
— 


_ _— —U— — —— a „ Fo? 4 o— 3 — 


i n . 
r * * 
. —— — 2 
— — = 
_ 


— 


Land 


Ag > - 
- r ” hy 
KARE rr >>, oo Ro 
- 
= 


— + 
= * — 
— 92 = — 


—— — 


- . - — 2 


604 


Page 143. 


Page 143. concluſion. 
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AnD whereas our learned examiner ſuperadds, Quod tametfi butyri maſſa in diſci Ini 
ciem redufa, cujus margo centum vicibus area fit minor, interque duas laminas ligne, 
ejuſdem forme ac latitudinis pofita, filis ſuſpenderetur in gere tanquam in lance, ita ,, 
preſſura aeris elaſtica, qud ab infra, qua deſuper, ducentis fere vicibus exceſſura jy prep 
ſionem in marginem butyri, butyrum tamen nibilo arttiiis comprimetur per vim aeri; 2 
ticam, nec aliter hic afficietur quam antea: he ſeems not to have ſufficiently conſider 
the laws of the hydroſtaticks, according to which, ſuppoſing the preſſure of the atmg. 
ſphere that he rejects, the butter ought not to be deprived of its ſhape. For the pref, 
ſure of the ambient air, being equal on all ſides, if we ſuppoſe the ſuperficies of the 
butter to be diſtinguiſhed into a multitude of little equal portions, each of theſe, whether 
they be ſituated horizontally, or on the edges, can be preſſed againſt but by an amy. 
ſpherical pillar equal to its baſis; and the horizontal portions, if I may fo call then, 
cannot be thruſt out of place, without there be at the ſame time ſqueezed out ſome of 
the lateral portions, which yet cannot be ſo diſplaced, becaule they alſo are, with equal 
force, preſſed inwards-by little aerial pillars, whoſe baſes are contiguous to them, and 
bear againſt them. Which anſwer, though of itſelf ſufficient, may be much confirmed 
by the inſtance, you will hereafter meet with, of a lump of butter, that kept its irre- 
gular ſhape, in ſpight of a great and manifeſt preſſure of the water that ſurrounded ir, 
AnD this anſwer may ſuffice to diſprove what the doctor annexes in the beginning 
of the thirteenth paragraph, about the vaſt exceſs of preſſure, which the air exerciſy 
upon the flat and horizontal ſurfaces of the above-mentioned lump of butter, in com. 
riſon of the preſſure the marginal parts of its ſurtace can be expoſed to. What he 
adds, and illuſtrates with a ſcheme, about the hand's being aſſiſted with the preſſure of 
the air, it concerns not me to anſwer. But whereas among the places, where the cla 


tical power of the air is underſtood not to reach, he reckons a pail-full of water, with 


lump of butter put in it; he ſuppoſes that, which our hydroſtaticks will by no means 
allow, and which is diſproved by ſeveral, both of our former experiments, and by theſe 
you will meet with in the following papers. By which it appears, that the preſſure of 
the atmoſphere is exerciſed, as indeed I do not ſee what ſhould hinder it from being, 
even upon bodies that are quite immerſed under water z and by which, added to what 


has been hitherto diſcourſed in anſwer to the learned doctor's objections, you will eaſily 


judge, how deſervedly he ſhuts up the arguments, we have been examining, with this 
Adeo ut extra omnem controverfiam poſitum videatur, quod nulla eſt ejuſmadi 
vis elaſtica in aert, qualem e doctis nonnulli ſupponunt, mulloque minus tam fortis, ut tr 
tum librarum pondus ſuperet. Quod erat demonſtrandum. 


„ 


Bur this is not all the doctor urges againſt me in this chapter; for in tlie fourteenth 
paragraph he ſeconds his former argument by another, drawn from this experiment & 
mine, that having taken two round marbles, whoſe ſurfaces, that were to be contiguous, 
were as well ground very flat, as carefully poliſhed ; and having placed them one directly 
upon the other, they did in a horizontal poſture ſo firmly cohere, without the help of 
any glue, or viſcous body “, that the upper marble being pulled up, would take up the 
lower, though clogged with a weight of fourſcore and odd pounds. | 


See the Hiſtory of Fluidity and Firmneſs, p. 222. of the fecond edition. 
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Tais experiment, when I many years ago firſt publiſhed it, I referred to the action of 
the atmoſphere, which preſſing equally and ſtrongly againſt the ſurfaces of both the 
marbles, except where they were contiguous, the higher could not be drawn directly up- 
wards from the lower (and conſequently muſt be followed by it) by a leſs force, than 
that which was equivalent to the weight of as great a cylinder of the atmoſphere as 
leaned upon the upper marble. _ : ; 

Tanis experiment thus explained, though it hath been judged a very favourable one to 
the hypotheſis, on whoſe behalf J alledged it, does yet to the juſtly famous doctor ſeem 
a very conſiderable argument againſt it, though for this judgment of his he urges only 
this reaſon, that if the force, with which the air preſſes the lower marble againſt the 
upper, be able to ſuſtain that marble, though clogged with the great weight above- 
mentioned, the ſame preſſure of air would much more eaſily ſupport a plate of wood 
brought to a true plain, and not loaded with any weight, if the wooden plate were ſub- 
ſtituted to the lower marble, and, inſtead of it, applied to the upper. 

Bur ſince the experiment, as I propoſed it, did upon trial ſucceed very well, it had 
not been amiſs, if the learned examiner had conſidei ed it as it was really and ſucceſſ- 
fully made, and ſhewed why the preſſure of the ambient air was not able to hinder 
the ſeparation of the marbles: and his needleſs ſubſtitution of a wooden plate, inſtead 
of the lower marble, eaſily ſuggeſts a ſuſpicion, that there may lie ſome fallacy, though 
not intended by him, in the variation he propoſes of the experiment. And he feems 
to have himſelf had thoughts of this kind, by taking notice, that it may be anſwered on 
our behalf, that a wooden plate cannot be ſo exactly applied to the upper marble, but 
that there will be a little air intercepted between it and the bottom of that ſtone. And 
though, having granted that it may be ſo, he employs two pages to ſhew, that this in- 
termediate air could not keep the preſſure of the atmoſphere trom ſupporting the un- 
clogged plate of wood, if it had been that preſſure, which, when there was no ſuch 
intermediate air, had ſuſtained the lower marble with all the appendant weight; yet 1 
confeſs, his proofs ſeem not to me to be anſwerable to the aſſurance he uſes in ſpeaking 
of them. His examples taken from gunpowder and wind you will eaſy judge not to be 
very proper, where we are not conſidering a force, that acts by a ſudden and vaniſhing 
impetus, but a conſtant and equal preſſure. And as to his other inſtance, which is taken 
from five men, that thruſt againſt the ſixth (ſtanding with his back to a well) who is 


but as ſtrong as any one of them; I anſwer, that neither is this example near- enough 


of-kin to our caſe. For each of theſe five men is ſuppoſed to have an equal power of 
thruſting, proper to hiinſelf, and independent from all, or any of the other four. And 
the ſixth man is likewiſe ſuppoſed to reſiſt but by his own ſingle force, without having 
his power of re- acting increaſed by the force wherewith the others thruſt againſt him, 


Bur in our caſe the thing is quite otherwiſe ; for ſuppoſing that ſome aerial particles be 


lo placed, that a ſolid body hinders them to recoil or expand themſelves, we are to 


conſider, that as the contiguous corpuſcles of air preſs againſt them, not by their own 
lingie weight or preſſure, but as they tranſmit the action of all the other particles of 
the air, which by their weight or preſſure thruſt them on; ſo the atrial particles, con- 
tiguous to the ſolid body, reſiſt not barely by that force, which they would have if 
they were not compreſſed, but by virtue of the ſpringineſs they acquire upon the ſcore. 
of the torcivle inflection they ſuſtain from the action of the corpuſcles, that either medi- 
ateſy or immediately thruſt againſt them; and conſequently, in proportion to that exter- 
nal force, the elaſticity of theſe compieſſed particles will be encreaſed, as we ſee, that 
a bow, or other ſpringy body, the more it 1s bent by an external force, the greater 
power it has to reſiſt turther compreſſion, Upon which grounds it need to be no won- 
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der, that a ſmall portion of air, being almoſt included in a ſolid body, and having 


ſome (though but very little) time been expoſed to the outward air, ſhould be capable 
of reſiſting the preſſure of as much of the whole atmoſphere, as can come to Preſs 
againſt it. For, this preſſure of the atmoſphere being continual, if the ſpringinel 0 
the aerial particles were not now great enough to reſiſt that preſſure, they muſt neceſari 

have been before-hand inflected or compreſſcd by it, till the endeavours of the one 7x 
the other were reduced to an equipollency. Of which I ſhall give you an inſtance in 
ſo obvious a body as a bubble at the top of the water. For though there be but a jr. 
tle air included in a very thin and tranſparent film of water, yet this little air is ſo wel 
able to reſiſt the weight of all the atmoſphere that can come to bear againſt it, that al 
the preſſure of it is not able to make the film ſhrink, or become wrinkled ; which i; 
would do, it the corpuſcles of the internal air were not reduced to a ſpringineſs, which 
makes its power of reſiſting equal to the endeavour of the external atmoſphere to com. 
preſs it. And to let you ſee, that we may well conceive ſuch a ſpringineſs of the air in- 
cluded in the bubbles, I have elſewhere related, how, by barely withdrawing the pre£. 
ſure of the ambient air from glaſs-bubbles, hermetically ſealed with air in them, not 


_ compreſſed beyond its uſual ſtate, the {prin of the internal air would make the bubbles 


fly in pieces: and this will happen to ſtronger glaſſes than bubbles, as you will find in 
one of the former experiments *®. And if we would illuſtrate what we are debating of 
by an example, it ſhould not be by conſidering, as the doctor does, the endeavour of 
five men againſt the ſixth, that hath his back to the wall; but that of five bladders full 
of air, piled up, and reſting upon a ſixth. For in this caſe, whatever force or power 
of preſſing we ſuppoſe in the incumbent bladders, they all bear jointly upon the lower, 
which continuing at a ſtand, muſt thereby be ſo compreſſed, as to be able to reſiſt their 
Joint endeavours ; as it is manifeſt, becauſe otherwiſe it would not continue in that ſtate, 
but be farther compreſſed ; which is againſt the ſuppoſition, 

Tuis notion about preſſure and reſiſtance I have the more particularly deduced, be- 
cauſe I found many modern naturaliſts, and even hycroſtaticians themſelves, to be great 
ſtrangers to it. For which reaſon I ſhall add, that I have evinced it by purpoſely de- 
viſed experiments in the continuation of the phy ſico- mechanical experiments A about the 
air. Were it not for this, I ſhould perhaps have ſpared myſelf the labour of ſetting down 
theſe thoughts, as not neceſſary to the ſolution of the doctor's objections. For he admits 
a layer, or (as he aptly ſpeaks) an area of atrial particles to be interpoſed between the 
upper marble and the wooden plate; and therefore the flatne ſs and ſtiffneſs of thoſe two 
bodies muſt keep them from an immediate contact, as well at the edges, as by the help 
of the {.me area they do elſewhere ; and conſequently, that interpoſed air may commu- 
nicate with the ambient air. From whence the laws of the hydroſtaticks (which J have 
elſewhere ſh:wn) will allow me to conclude, that the weight of the atmoſphere endez- 
vours to depreſs the upper ſurface of the wooden plate; and fo what the examiner 
urges of the inconſiderable reſiſtance, that the few aerial particles, interpoſed between 
the flat bodies, can make to the great preſſure of the column of air, that thruſts the 
wooden againſt the marble plate, would not conclude, though our former anſwer could 
not have been made; ſince the reſiſtance, made by the interpoſed aErial particles to the 
p:efſure upwards of the atmoſphere, is not, in our preſent ſuppoſition, made by thoſe 
particles alone, but by the weight of the lateral and ſuperior part of the atmoſphere, ex 
erciſed by the intervention of theſe particles. Which being 1o, what the learned doctor 


* See the Tract about the Preſſure of che Air's Spring on Bodics under Water. 
1 Exper. xxv, and elſewhere. 


adcs, 
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ads, that the weight of the wooden plate itſelf is here of no conſideration, muſt needs. 
e a miſtake. For the two equal atmoſpherical preſſures, the one againſt the upper [ 
[face of the wooden plate, and the other againſt the lower, countervailing, and con- | 

equently fruſtrating the endeavour of each other, the gravity of the wood itſelf will 

ſuffice to make it fall, as well as if it were preſſed againſt by neither of them. Ard 

fom this diſcourſe you will eaſily judge, whether the doctor had reaſon to ſay as he 

does, Quam ab omni ratione igitur abſonum eſt, ut ſuperficies illa ſive area aerearum far. Page 146. 

ticularum, que infinuant ſe laminam ligneam inter & marmor, ſolidam (olumnam hujuſmods | 

porticularum, vi elaſtica ſurſum enitentium, contra laminam ligneam obnitendo vincat, 

inſamque laminam in terram deturbet. | 


E „ VE 


Wrar he adds in the ſixteenth number againſt thoſe, that fancy the zerial particles 
to be endowed with perception, and to act with deſign pro re nata, does not all concern 
me; and what he adds in the next paragraph, wherewith he concludes his twelfth chap- 
ter, I ſhall altogether paſs by, as far as it concerns the extravagant conceit he oppoſes. 
But becauſe at the cloſe of the paragraph he makes an inference, which comprizes our 
opinion alſo z ſince he concludes, that the experiment by him alledged, Certiſimum eſt, 
indicium, particulas aerias nec cum conſilio nec ſine conſilio inferius marmor ſuſtinere nec 
ſuffulcire : it will not be amiſs to ſhew, that our opinion is undeſervedly included in 
the inference z which I ſhall do by briefly ſolving the phænomenon the doctor lays ſo 
much weight on. For if we conceive with him, that the two flat marbles formerly 
mentioned be ſuſpended, and that to the lower of them, a flat wooden plate of the 
ſame ſhape and extent be applied; I ſee no cauſe to wonder, why the two marbles 
ſhould ſtick together, and not the lower of them to the wooden plate. For, as I lately 
noted, there being an area, or bed of aerial particles interpoſed betwixt the marble and 
the wood, the weight of the atmoſphere, exerciſed by the intervention of thoſe acrial 
corpuſcles, ought to be æquipollent to the preſſure of the atmoſpherical cylinder that 
bears againſt the lower furiace of the plate; which conſequently by its own weight 
muſt drop down: whereas there being no ſuch layer of aerial particles interpoſed betwixt 
the two marbles, the preſſure of the ambient atmoſphere, which touches them every 
where, ſave where their poliſhed ſurfaces are contiguous, muſt keep them ſtrongly 
CUNerent. 

I yagSUME I need not mind you, that hitherto I have diſcourſed upon ſuppoſi- 

tion, that the doctor experimentally knows, what he delivers concerning the non-adke- 
ſion of an exactly ſmooth wooden plate to a marble one; and upon his conceſſion, that 
becauſe of the wan: of ſuſſicient congruity between the ſurfaces of two bodies, there is a 
bed of atrial corpuſcles interpoſed between them. But now, I think, it will nut be 
unfit to take notice to you, that though to illuſtrate, on this occaſion, a ſubject that is 
Senerally ſo little underſtood, as the excrcife of preſſion among fluid bodies, I have an- 
Iwered wy leaned adveriary's objections, as I had nothing more to ſay for my explica- 
ton of the ſuſpenſion of ccherent marbles, than what I many years ſince delivered in 
the litcle tra by him cited; yet! have fince abundantly confirmed that explication by 
the goth of the experiments publiſhed in my continuation z which if the doctor had 
been p.caled to read, perhaps he would have received the lame ſatisfaction, that other 
learned men have dont; ſince there 1 experimentally ſhew, that the undermoſt marble, 
wich- 
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without the accuſtomed clog, would, upon the bare withdrawing of the ſuſtainin 
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drop off from the upper. And whereas the two marbles in our vacuum vou ms, 
cohere, as ſoon as the formerly excluded air was let in upon them, it did by its ſuper. 


vening preſſure make them ſtick together very ſtrongly. 


Tus SECOND SECTION. 


oO 


PROCEED now to the ſecond of thoſe two chapters, that I am intereſted to conſider, - 


in which the learned examiner is pleaſed to attack three or four of my hydroſtatical 
opinions and explications; in the defence whereof, I hope, I ſhall be the leſs put to exerciſe 
your patience, becauſe the learned doctor himſelf is pleaſed to grant me almoſt as much 
as I need deſire concerning the truth of the hypotheſis, whereon my paradoxes and ex- 
plications are founded. For whereas the main thing I ſuppoſed in my hydroſtatical 
papers is, that in water, though ſtagnant, the ſuperior parts do actually, though not 
always prevalently, gravitate upon the inferior, or (if you will) preſs upon them, even 
when they do not ſenſibly depreſs them; the doctor in divers places allows this hypo- 
theſis to be conſonant to the principles of the mechanical philoſophy z and according]y 
having ſhewed that in a ſuſpended tub of water the whole liquor gravitates upon the 
bottom of the tub; he ſubjoins, Jam vero cum tota bæc aqua conſtet ex particulis aqueis 
non compatiis vel concretis, ſed ſolutis & ſe invicem, impoſſibile eſt, ut omnes fundum ſiule 
premant, niſi infima quæque ab omnibus ſuperioribus prematiur, quemadmodum clart denon. 
ſiravimus in ſecunda ſectione hujus capili;; nempe, fi nulle cauſe niſi pure mechanics 
(quales ſunt motus localis, magnitudo, figura, &c.) in edendo hoc phenomenso ſe inter- 
mi ſceni. 

Anp elſewhere in the ſame chapter he ſpeaks thus of the gravitation of liquors (towards 
the cloſe of the ſecond paragraph.) Neceſſe ut:qae eſt, ut partes fingule gravitcnt, cun 
totius fit gravitatio, fi non fit aliquid immateriaie pr.ncipium in rerum natura, &c. And 
adds, at the beginning of the next number; ſane atque buic externi motiis hy pot beſi, S gra- 


 vitationis elementorum in propriis locis inde neceſſario emergentis, apprime conſonum eſt 


prim um illud experimentum, quod ſcripter profert in paradoxis ſuis hyareſtaticis. 
AND now, Sir, I preſume you do not much wonder, it J think theſe conceſſions 


reach the main thing I pretend to. For though 1 do as freely and heartily, as tie 


doctor himſelf, who, I dare ſay, does it very ſincerely, admit, or rather aſſert an inccr- 
porcal being, that made and governs the world; yet all that I have endeavoured to do 
in the explication of what happens among inanimate bodies, is to ſhew, that ſuppoling 
the world to have been at firſt made, and to be continually preſerved by God's divine 

wer and wildom ; and ſuppoſing his general concourſe to the maintenance of the 
laws he has eſtabliſhed in it, the phenomena, 1 ſtrive to explicate, may be {olved me- 
chanically,, that is, by the mechanical affections of matter, without recourle to nature's 
abhorrence of a vacuum, to ſubſtantial forms, or to other incorporeal creatures. And 
therefore, if I have ſhcwn, that the phanomena, I have endeavoured to account for, 
ate expl cable by the motion, bignets, gravity, ſhape, and other mechanical affections 


ot the ſmall parts of liquors, J have done what I pretended ; which was not to 25 
that 
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that no angel or other immaterial creature could interpoſe in theſe caſes; for concerning 
ſuch agents, all that I need ſay, is, that in the caſes propoſed we have no need to recur 
10 them, And this being agreeable to the generally owned rule about hy potheſes, that 
tia non ſunt multiplicanda abſque neceſſuate, has been by almoſt all the modern philoſo- 
bers of different ſects thought a ſufficient reaſon to reject the agency of intelligences, 
aſter Ariſtotle, and ſo many learned men, both mathemaricians and others, had for many 


ages believed them the movers of the celeſtial orbs. 


t 


Bur you will tell me, that the doctor's conceſſions will not avail me, ſince he urges 
2zainſt the gravitation of the elements in their proper places, which gravitation he would 
| have to be ſuſpended by his incorporeal principle, an experiment which, he ſays, is moſt 
manifeſtly repugnant to our hypotheſis. He conceives then, that in a tub or pail-full of 
water, with a perfectly cylindrical cavity, whoſe diameter is of ſixty-two parts, there is 
violently kept at the bottom, by the help of a ſtick, a round plate of wood, whoſe dia- 
meter amounts but to ſixty-one of thoſe parts; and that as ſoon as ever the ſtick is 
removed, the wooden plate will emerge to the top and float. Quod, ſays he, prorſus 
W inpoſibile eſſet, fi omnes partes aque ab (FG) ad (H) non ſolum jundtim fundum vaſis, 
ſed ſingulæ ſingulas in eadem ſerie ſubjeftas actu premerent. To which aſſertion he imme- 
diately ſubjoins this argument to prove it by; Cum diameter laminæ ligneæ (H M partes Page 155. 
61, babeat equales, diameter vaſis (HI) babeat 62, manifeſtum eſt, quod ſuperficies fundi 
vais ad ſuperficiem laminæ ſe habet ut 3844, ad 3721; quorum differentia eſt 123. taque 
rotundum inter vallum inter latera vaſis & marginem laminæ ligneæ habet ſe ad aream 
laminæ, ut 123 ad 3721, hoc eſt, area laminæ ligneæ excedit aream dicti intervalli pluſ- 
quam triginta vicibus. Ac proinde aqua incumbens ligneæ laminæ excedit magnitudine 
| aquam incumbentem dicto intervallo inter marginem laminæ & latera vaſis plus quam tri- 

ginta vicibus, pondiſque five preſſio hujus alterius pondus preſſionemque vincit pluſquam 
iriginta vicibus. Adeò ut impoſſibile fit, ut aqua incumbens prædicto intervallo ita premat 
aquam ipſi. ſuljectam, ut bujus vi ſublevetur lamina, quam vis tricies major deprimit. Quod 
(lays he, by way of inference) £que abſonum atque abſurdum phenomenon eſſet, &c. 

How little this ratiocination agrees with the experiments I have formerly told you of, 
about the caſes wherein light bodies will be detained under water, or emerge to the top 
of it, you will eaſily perceive, if you compare the one with the other, which you may 
quickly do, if you pleaſe to compare the doctor's diſcourſe with the following narratives 
of thoſe trials “, to which alone I might therefore refer you. But yet in the mean time, 
you may, if you think fit, conſider a little, whether the argument, whereon the doctor 
lays ſo much ſtreſs, be any more than a paralogiſm. | 

FIRST then, ſince according to his computation the area of the interval, between the 
lides of the veſſel and the edges of the round board, is 123 of ſuch parts, whereof the 
area of the board amounts to 3721; it is evident that there muſt be room enough for 
the water to paſs between the ſides of the veſſel and the edges of the board, which is 
ſuppoſed on all hands to be of ſome wood lighter in ſpecie than water, ſince elſe it would 
W125 emerge upon the withdrawing of the ſtick. 
| Nexr, this board or wooden plate is not here intimated, or ſuppoſed to be (and indeed 
in practice can ſcarce be) made exactly congruous to the bottom of the veſſel, and conſe- 


* See the tract of the poſitive or relative levity of bodies under water. Exp. I. &c. 
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quently the water may get in between them; for which cauſe it is neceſſary to keep the 
wooden plate forcibly down with a ſtick, which elſe were needleſs. And conſequent) 
this interpoſed water will communicate with the laterally ſuperior water in the veſſel 
which ſuperior water may, according to the laws hydroſtatical, by the interventions 
the interpoſed, exerciſe its preſſure upwards againſt the lower ſurface of the wooden 
late. | 

E TrirvLy, the doctor's ſcheme allows and aſſiſts us to conceive (which we may do 
however) an imaginary plane of water to be parallel to the bottom of the veſſel, and to 
paſs along the bottom of the board; ſo that of the water that lies between this plane and 
the bottom of the veſſel, one part is covered by the wooden plate; and the Other 
between the edges of that and the ſides of the tub, is covered with the incumbent water 
only. 


F 


Tus things being premiſed, I thus argue; it is manifeſted by hydroſtaticians after 
Archimedes, that in water, thoſe parts that are moſt preſſed, will thruſt out of place 
thoſe that are leſs preſſed ; which both agrees with the common apprehenſions of men, 
and might, if it were needful, be confirmed by experiments. It is alſo evident that that 
part of the above-mentioned imaginary plane, that is covered by the wooden plate, muſt 
be preſſed by a leſs weight than the other part of the ſame plane ; becauſe the wood being 
bulk for bulk lighter than water, the aggregate of the wood and water incumbent on 
the covered part of the ſame plane muſt be lighter in ſpecie than the water alone, thati; 
incumbent on the uncovered part of the ſame plane; and conſequently this uncovered part 
being more preſſed than the other part of the plane, the heavier muſt difplace the hghter, 
which it cannot do but by thruſting up the board, as it does, when the external force that 
kept it down is removed. And, to add this upon the by, this greater preſſure againſt 
the bottom than againſt the top of bodies immerſed in water ſpecifically heavier than they, 
is a true reaſon of their emerſion, as I have elſewhere ſhewn. So that there happens no 
more in this caſe than what uſually happens in the aſcenſion of bodies in liquors ſpecifically 
heavier than themſelves, on the account of the newly mentioned difference of preſſure, 
And it is with an expreſs, or ſuppoſed exception of ſuch a difference, which in many 
other caſes may be ſafely neglected, that I deſire you to take notice of in moſt places 
of this diſcourſe I ſpeak of the preſſure of ambient fluids on immerſed ſolids, as unitorm 
or every way equal, - | 

IT is true, that, according to the doctor's ſupputation, if the ſolid cylinder, conſiſting 
of the wooden plate, and all the water directly incumbent on it, were put into an ordinary 
balance, it would there many times outweigh the hollow cylinder of water alone, that lean 
upon the uncovered part of the imaginary plane. And that is it that ſeems to have deceive 
the learned doctor. But there are divers hydroſtatical caſes, wherein the phenomenon 
depends not ſo much upon the abſolute weight of the compared bodies, as upon their 
reſpective and their ſpecifick gravity; on whoſe account it is, that a ſmall pebble, for 
inſtance, that weighs not a quarter of an ounce, will readily fink to the bottom of the 
river, on whoſe ſurface a log of wood of a hundred pounds in weight will Goat. It 154 
rule in hydroſtaticks, that when two portions of water, or any other homogeneous liquor 
preſs againſt eaci other, the prevalency will go, not according to the abſolute weigit, 
but the perpendicular height of thoſe portions. And accordingly we find, that if allen. 


der pipe of glaſs, being filled with water, have its lower orifice unſtopped at the bones 
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f a veſſel of water, which contains much more of that liquor than the pipe; yet if this 
n amed water were, for inſtance, two feet high, and that in the veſſel but one, the 
. +» i the pipe will readily ſubſide, till it come almoſt to a level with the external wa- 
i though it cannot do ſo without raiſing the whole maſs of water that ſtagnated in the 
1. 1d now I ſhall ſubjoin an experiment, which, though at firſt it may ſeem light, 
and was made in leſſer glaſſes and quantities than I would have employed, if I could 
have procured better accommodations, has the advantage of requiring no curious inſtru- 
ments, and yet I hope will ſerve for an ocular proof of the fallaciouſneſs of that reaſoning 
the doctor is ſo ſtrangely confident of. : | | 
Wes took an open-mouthed glaſs, ſuch as ſome call jars, and ladies often uſe to keep 
ſweetmeats in, which was three inches and a half, or better in diameter, and ſomewhat 
Jeſs in depth, and had the figure of its cavity cylindrical enough. Into this having put 
ſome water to cover the protuberance wont to be at the bottom of ſuch glaſſes, we 
took a convenient quantity of bees-wax, and having juſt melted it, we poured it cau- 
tioully into the glaſs, warmed before-hand to prevent its cracking, till it reached to a 
convenient height. This veſſel, and the contained liquors we ſet aſide to cool, in ex- 
ation, that when the heat that had dilated the wax, was gone, 1t would ſhrink from 

the glaſs, and conſequently leave a little interval every where between the concave ſuper- 
ficies of the veſſel, and convex of the hardened wax; which accordingly came to paſs, 
and ſaved me the labour of getting the wax ſhaped for my purpoſe with tools; which 
might have been done, but not without trouble and leſs exactneſs. And now it was 
eaſy for me to try the experiment I deſigned ; for pouring in warily ſome water between 
the glaſs and the wax, ſo that it filled all the interval left between thoſe two bodies, both 
at the bottom and the ſides, the wax was made preſently to float, being viſibly lifted up 
from the bottom, and its upper part appearing a little above the level of the water, 
which was no more than I did, and had reaſon to expect, according to the true principles 
of hydroſtaticks. For water being ſomewhat, though but little heavier in ſpecie than 
wax, and that which was poured into the bottom and ſtagnated there, being preſſed by 
the collateral water, every way interpoſed between the concave part of the glaſs, and the 
convex of the wax (ſo that this collateral liquor anſwered what I lately called a hollow 
cylinder of water in the doctor's experiment) that part of the ſtagnant water that was 


leaned upon by the wax, being leſs preſſed than the other part of the ſame ſtagnant water 


was by the water incumbent on it; this latter muſt diſplace the former, which it could 
not do, but by raiſing up the wax that leaned upon it. And yet this collateral water was 
ſo far from being heavier than the wax its preſſure impelled up, that both the collateral 
and the ſtagnant water all together, being weighed in good ſcales, amounted to litile 
above a quarter of the weight of the wax, which happened by reaſon of the narrownets 
of the veſſel, which, if it had been wide enough, I doubt not but the experiment would 
have ſucceeded, though the wax had outweighed the collateral water ten times more 
than in our experiment it did. But that the ſolid body exceeded almoſt four times the 
weight, not only of the collateral, but the ſtagnant liquor too, does ſufficiently over- 
throw the doctor's ratiocination. Whoſe fallaciouſneſs will yet further appear by two 
other improvements, among others, which I made of one experiment. 

For, I. though we poured in more and more water, as long as the veſſel would con- 
tain any, the cylinder of wax was but lifted higher and higher from the bottom of the 
glaſs, but did not appear raiſed, more than at the firſt, above the upper ſurface of the 
water; Which argues, that it was not at all the quantity of the inferior water, which was 
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continually increaſed, but the preſſure of the collateral water, which continued Nil it tir 
ſame height in reference to that wax, that cauſed the elevation of the "x 

AnD, II. to manifeſt yet more clearly the doctor's miftake, I deviſed the follow: 
trial. We took a round plate of lead about the thickneſs of a fhillmg, and having made 
it tick faſt to the bottom of the cylinder of wax, to make this body fink the more direct 
we placed one after another, upon the upper part of the wax, divers grain weights (rf 
wetted to keep them from floating) till we had put on enough to make the wax ſubſide 
to the bottom; for the facilitating whereof we had pared off its edges; by this mes 
the glaſs having been at firſt almoſt filled with water, there fwam about an inch or — 
of that liquor above the upper furface of the wax. And laſtly, we took off by degr 
the grain weights that we had put on, till we ſaw the wax, notwithſtanding the adherin 
lead, riſe, by degrees, to the top of the water, above which fome part of it was v 
Extant. | 

From this experiment I thus argue: it is manifeſt, that, according to the doctor; 
ſuppoſition, here was incumbent upon the wax a cylinder of an inch in height, and of 
the lame diameter or breadth with the round ſurface of the wax; whereas upon the remo- 
ving part of the water, that lay at the bottom when the wax began to Tife, there was 
incumbent no greater weight than that of the collateral water, and as much of the ſ 
rior and ſtagnant, as was directly incumbent upon that "collateral water (and would have 
deſerved the ſame name, if we had ſuppoſed the convex ſurface of the-wax to have been 
continued upwards as high as the glaſs reached). But now, whereas, according to the 
doctor's ratiocination, this cylinder of water incumbent on the wax, being an inch 
and a good deal above three inches broad, muſt preſs the wax with a greater weight by 
ſeveral times, than that which the lateral and hollow cylinder of this ſtagnant water 
could have upon the reſt of the collateral water; yet the height of this aggregate of 
collateral waters being the ſame with that of the wax and the water ſwimming upon it, 
the difference of the preſſure was ſo ſmall, that barely taking off a weight of four or five 
grains, the wax would, notwithſtanding the preſſure of the water incumbent on it, be 
impelled up and made to float; and by the like weight, put again upon it, it would be 
made to ſink, and by another removal of ſuch a weight (for 1 purpoſely reiterated the 
trial-more than once) it would, though ſlowly, re-aſcend. And theſe phænomena do ſo 
much depend upon a mechanical zquipollence of preſſure, that even four grains would 
not have been neceſſary to make the wax riſe or ſink, if it had not been for-ſome little 
accidental impediments that are eaſily met with in ſuch narrow glaſſes ; for otherwile in a 
larger veſſel we have made the ſame lump of wax readily enough ſink or float, by the 
putting in or taking off a ſingle grain or perhaps leſs. 

By this you may ſee, that for the regulation of hydroſtatical things, nature has her 
balance too, as well as art; and that in the balance of nature the ſtatical laws are nicely 
_ enough obſerved. | 

You may allo take notice, upon the by, how little the weight of the cylinder of water 
upon a body immerſed in ſtagnant water is conſiderable, whilſt there is a preſſure of 
collateral water to counterbalance it; ſince in this laſt trial, though the cylinder of incum- 
bent water did continually increaſe or decreaſe in length, whilſt the lump of wax wi. 
ſinking or emerging; yet the ſame deſpicable weight of a grain or leſs, that was juſt 
able to depreſs it beneath the upper ſurface of the water, did by its preſſure or removal 
procure its ſinking to the very bottom, or riſing again to the top, and on both OCCcalions 
with an equal ſlowneſs, bating that little acceleration of motion that ought to hippen 
upon another account, and which therefore is to be obſet ved in the wax, during its riling 
4 well as during its ſinking, | CHAP 
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Some other phenomena I produced, by varying the hitherto mentioned experiment, 
which are very favourable to our notions about hydroſtaticks. But, ſince they do not 
directly concern the preſent controverſy, I ſhall in this place only annex a couple, the 
former whereof affords an eaſy confirmation of that paradox, which we lay as the ground 
of divers others, and the contrary whereof is maintained not only by doctor More, but 
by many other famous and learned men; namely, that in ſtagnant water the upper parts 
do actually preſs the lower. 

We took then a very ſlender pipe of glaſs, whoſe cavity was narrower than that of 
an ordinary gooſe-quill, that heterogeneous liquors may not be able to get by one another 
in it, This pipe, near one end, was bent upwards like a ſiphon, that it might have a 
ſhort leg, as parallel as the artificer could make it to the longer. Into this crooked 
pipe we put a little oil, and then held it perpendicularly in a ſomewhat deep and wide- 
mouthed glaſs, filled partly with water and partly with a lump of wax, of the bigneſs 
and ſhape of that already mentioned; that ſo the preſſure of the incumbent water upon 
the open orifice of the ſhorter leg, might impel the oil into the longer leg, ſome what 
above the ſurface of the water in the veſſel; which it was convenient ſhould be done, 
that we might the better ſee the motions of the oil, and which we knew muſt be done 
by the courſe we took; both becauſe oil is lighter in ſpecie than water, and conſequently 
required not an equal height of water to counterbalance.it z and becauſe, in very ſlender 
pipes, water is wont to aſcend a little above the level of the external water, whereinto 
they are immerſed. The pipe being, as was ſaid, held upright, it was eaſy to take notice 
by a mark fixed on the outſide, to what height the oil reached in it. 

Now if we conceive a horizontal plane, parallel to the bottom of the veſſel, to paſs 
by the baſis. of the floating wax, it is evident by what has been formerly ſhewn, that, 
of this imaginary plane, that part, on which the wax is incumbent, is as ſtrongly preſſed 
by the weight of the wax, as the lateral part of the ſame plane is by the weight of the 
water incumbent on it (otherwiſe theſe preſſures would not be æquipollent, but the wax 
would be raiſed); and conſequently that part of this plane that is placed directly over 
the orifice of the ſhorter leg of the pipe, is no more preſſed than any equal portion of 
that part of the ſame plane that is covered by the wax. This body being taken out of 
the water, the liquor ſubſided a great way in the veſſel, and ſo did proportionably the oil 
in the longer leg of the pipe. And laſtly, having weighed out in a good pair of ſcales 
as much water as we found the wax to amount to, this liquor was, inſtead of the wax, 
poured into that which remained in the glaſs; whereupon the oil in the longer leg of the 
pipe was again impelled up very near to the former mark to which it had been raiſed 
by the wax. Whence we may gather, that the water newly put in, though in the air it 
weighed no more than the wax, yet it did as much preſs the water that lay beneath the 
forementioned imaginary plane, and conſequently that which was directly over the ſhorter 
leg of the pipe, as the wax that had been taken out, had done. And ſince we have 
already proved that the wax Cid conſiderably preſs that plane, it ought not to be denied, 
that the water alſo (which inſtcad of it was able to impel upon the oil in the pipe) did 
in Ike manner preſs that plane; and conſequently, that water may be gravitated in water 
as well as a folid body, luch as wax is, can. And this is the fit additional uic, 1 told 
you, I would make of our experiment. 

BUT, to come now to the ſecond, there is another phænomenon of it, viz. the abuve- 
mentioned tendernels of nature's balance, whyle ule ſeems to be of no leſs gen:ral con- 


Cernment 


613 


— — * 8 


2 


„„ d . 


- 


1 


1 ( 
= 4.4 
N Tz 
4 
1 6 
= 7 1 
; by \ 
! 17 

' UE: 
| | 110! 
: 1 1 
| 1 } 
l 4 J 1 
; 1 11 
ii { ( 
i * 
I . * 
i 

- 
4 . 


3 
— — —̃ — 


- ke, —— * —— - : 
_ bf © a — 43 * — 2 4 2 
© * — „ : 2 
— 


8 = 


2 — 
„ 


— >. 
— — 


9 — 
= 
PRE: 


614 An Hydroftatical Diſcourſe, &c. 


cernment to the true doctrine of the hydroſtaticks. For, by duly conſiderino that 
phznomenon, and reaſoning a while upon it, we may be helped to rectify that plauſible 


miſtake, which has long deluded both philoſophers and mathematicians, and does ot h 
impoſe on moſt of them; namely, that a body does not actually gravitate when it 45 0 
not deſcend. For we have ſeen already, and ſhall further ſhew by and by, that the 
ſunken wax, and the braſs grains that lie on it, do actually preſs or gravitate upon the : 
ſubjacent water and bottom of the veſſel on which it is incumbent z and conſequently it [ 
preſſure being not ſurmounted by that of the collateral water, which is unable to raiſe | 
it, muſt be as great as that of this collateral water. Therefore, when upon the removal { 
of a ſingle grain, the wax, with its incumbent weight, is made to aſcend, and that but n 
very ſlowly, it is evident, that it was ſo far from not gravitating before, becauſe it did 
not actually deſcend, that it retained its gravity even whillt it aſcends ; as may appear not 1 
only by the ſlowneſs of its motion upwards, proceeding from its being in nature's balance p 
very little leſs heavy than it need be, to countervail the preſſure of the collateral water; p 
but by this alſo, that if but a ſingle grain be laid on it, when it begins to riſe, its Arn 7 
ſion will be checked and hindered, which could not be done by the addition of fo incon- 1 
ſiderable a weight, if the wax and the adhering metal did not, even during their aſcent, cc 
retain their former gravity, though that were fruſtrated as to the act of deſcending, or ſo il 
much as keeping their ſtation by the prevailing preſſure of the collateral water; ſo that, u 
ſince, as we found, the wax and adhering metal amounted to a good deal above four fe 
thouſand grains, it did in the balance of nature weigh, whilſt it was aſcending, not ſo w 
much as a four- thouſandth part leſs than it did, whilſt it was actually deſcending, te 
| ol 
| de 
E to 
6 
I sHovLD beg your pardon, Sir, for having detained you ſo long with my reply to a : 
ſingle objection of the doctor's, how pompouſly ſoever propoſed ; but that I thought it ne 
not amiſs to do ſome ſervice to the true theory of hydroſtaticks, by taking this occaſion of 
to preſent you ſome things that I thought not unlikely to illuſtrate ſome parts of that th 
theory, though above what was neceſſary to anſwer the doctor's argument; to which, [ 1 
confeſs, I was troubled to ſee fo learned a man ſubjoin the following concluſion: Hec in 
tam luculenta demonſtratio contra gravitationem particularum aquæ inter ſe quamvis june fir 
| | fitule fundum urgeant, ſi non ſit vera atque ſolida, equidem nec mei ipfius nec ullius unquan EW 
morlalis in poſterum ratiociniis credam. But I hope he will not be as bad as his word, m 
but will be pleaſed to conſider, as well as I do for him, that a man may be very happy te 
in other parts of learning, and of greater moment, that has had the misfortune to miſtake re 
in hydroſtaticks, a diſcipline, which very few ſcholars have been at all verſed in, and be 
about which divers of thoſe few have had the misfortune to err, not only in the conclu- ch 
ſions they have drawn, but in the very principles they have embraced. or 
To the foregoing argument, the doctor, though he declares he thinks it needleſs, adds ab 
in the fifth paragraph another, taken from the laſt experiment of my hydroſtatical para- lu 
doxes, by which he ingenuouſly acknowledges, that I ſeem at firſt ſight to have demon- bY 
ſtrated what I pretend to, about the gravitation of the upper parts of ſtagnant water upon Eq 
the lower, And I am forry that I cannot, in return, acknowledge that his objection, at 49 
firſt Gght, ſeemed to me a cogent one, for neither at the ſecond nor third peruſal can! 0 
0 


clearly diſcern where kis ra: iocination lies, ſuppoſing it to be meant for an an{wer to my 
experiment. And though I conſulted with ſome learned members of the Royal Socicty, 


nereof two are mathematicians, and one his particular friend; yet they all —_— x 
2 ; | 
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had not ſufficiently explained himſelf on this occaſion, nor could they ſhew me to what 
argumentation I migat properly direct my reply. Only one of the doctor's correſpon- 
dents, having ſeriouſly peruſed his diſcourſe, and the annexed ſcheme, told me, that 
what ſeemed the moſt probable to him, was, that though the doctor was too civil to give 
me, in terminis, the lye; yet he did indeed deny the matter of fact to be true, Which 
I cannot eaſily think, the experiment having been tried both before our whole ſociety, 
and very critically, by its royal founder, his majcſty himſelf. But ſince you have your 
ſelf ſeen, and made it more than once, I need not ſpend words to convince you, that the 
matter of fact is true. | 

Bur after 1 had in vain ſought the doctor's meaning where I expected it, chancing 
lately to caſt my eyes on another place, where I ſaw my ſcheme repeated, I find this 
paſſage in the explication he endeavours to give of the phænomenon by his hylarchical 
principle : Cum vero tam profunde immergitur tubus, ut ubturaculum tangat ſuperficiem 
V IW, vis retraftionis aeris ita augetur, ut etiam ponderis appenſi ſuperadditam depreſſionem 
ſuperet. Videtur igitur quaſi quædam ſurſum- ſuctio aeris in tubo contenti, & conformis ac 
contemporanea aquæ compulſio in obturaculum, quo tam firmiter in os valvulæ comprimitur, 
ibigue cum appenſo pondere ſuſtentatur. What conſiderable intereſt the ſuppoſed, but 
unproved retraction of the valve, or the air itſelf, can have in this phænomenon, I con- 
feſs I do not diſcern ; not being able to ſee, but that the experiment would ſucceed, 
when tried in vacuo, although all the atmoſpherical air were annihilated, Bur if I mil- 
take the doctor's meaning, I am to be excuſed, ſince 1 do it not willingly, and his own 
obſcurity has been acceſſary to it. Nor am I very apprehenſive of being unable to 
defend my account of an experiment, which (as you know) has had the good fortune 
to recommend the doctrine, for the proof whereof I deviſed it to many learned and curious 
perſons, ſeveral of which were ſufficiently inciſpoſed to admit it, 

AnD to avoid all miſtakes and diſputes that may ariſe (which I think they muſt do 
needleſsly) upon the ſcore of the valve employed in our experiment, I ſhall remind you 
of another, that I remember I have ſometimes ſhewn you, and divers other virtuoſi, 
though 1 remember not whether I have mentioned it in any of my publiſhed writings, 
The ſum of this trial is, that an arbitrary quantity of quickſilver being, by ſuction, raiſed 
into a very ſlender glaſs pipe, whole upper orifice is ſtopped with the experimenter's 
finger, to keep the mercury from falling before its time, the open end of the pipe with 
the mercury in it is thruſt into a competently deep glaſs of water till the little cylinder of 
mercury have, beneath the ſurface of the water, attained to a depth that is at leaſt four- 
teen times as great as the mercurial cylinder has of height, For then, the finger being 
removed from the upper orifice, the glaſs-pipe will be open at both ends, and there will 
be nothing to hinder the quickſilver's falling down to the bottom, but the reſiſtance of 
the cylinder of water that is under it, which cylinder can refit but by virtue of the weight 
or preſſure of the ſtagnant water that is ſuperior to it, though but collaterally placed 
above it; and yet this water being by the pipe, whoſe upper part is higher than its 
ſurface, and acceſſible only to the air, kept from prefling againſt the mercury any where 
but at the bottom of the pipe, and being about a fourteenth part of the weight of an 
equal bulk of mercury, it is able at that depth to make the ſubjacent water preſs upwards 
againſt the mercury, which is but a fourtcerth part as high as the water is deep, With a 
torce equivalent to that of the gravity wherewith the-mercury tends downwards. Ard 
to maniteſt, that this phenomenon depends merely upon the equilibrium of the two 
1:quors 3 if you gently raiſe the lower end of the pipe towards the ſurface of the water, 
tais liquor, being not then able to exerciſe ſuch a preſture as it ccul at a further a: 
greater. depth, the mercury prepondetating, wil, in part, more or kts, as the pipe is 
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oppreſſed and cruſhed to death by the preſſure of the incumbent and ambient water; 
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more or leſs raiſed, fall out to the bottom of the glaſs. But if, when the quick), 
is at the firſt depth, inſtead of raiſing the pipe, you thruſt it down farther under th 
water, the preſſure of that liquor againſt the mercury increaſing with its depth will 
only ſuſtain the mercury, but impel it up in the pipe to a conſiderable diſtance t 
lower orifice of it, and keep it near about the ſame diſtance from the ſurface of the late. 
rally ſuperior water. And this experiment may not only ſerve for the purpoſe, for which 
I here alledge it, but allo, if duly conſidered and applied, may very much both illuſtrate 
and confirm the explication formerly given of the ſeemingly ſpontaneous aſcent of the 
clogged ſucker in our exhauſted air-pump. | 

Tux laſt argument the doctor urges againſt the gravitation of water in what they call 
its proper place, is deduced from what happens to the divers, who, inthe middle of the 
ſea, though the falt-water of that be much heavier, than that of freſh: water rivers, do 
not find themſelves oppreſſed, or ſo much as feel themſelves harmed or compreſſed by the 
vaſt load of the incumbent water. 5 

Bur that the equality of the preſſures of an ambient fluid will go a great way towards 
the ſolving of this difficulty, you will find by the experiments and conſiderations you 
will meet with in the following * papers, to which, for that reaſon, I refer you. And 
though the doctor in this ſame paragraph objects, tametſi bæc preſſio ægualis fit, nibil 
tamen impedit, quo mints ſubtiliores partes corporis magiſque fluidas exprimat & elidat : 
I remember I anſwered that exception before, by ſaying, that thoſe liquors that he ſup- 
poſes ſhould be ſqueezed out, cannot be fo, becauſe there is as great a preſſure againſt 
thoſe parts at which they ſhould iſſue, as againſt any of the reſt, if the parts that ſhould 
be ſqueezed out, be not too ſpirituous and ſubtile, which if they be, I ſhould gladly learn 
how the doctor knows, that no ſuch minute and ſpirituous particles are really expelled; 
eſpecially if that be obſerved, which we ſhall ſoon have occaſion to relate, that a ſmall 
animal, being vehemently compreſſed in water, ſeemed a little, though but a little, to 


ſhrink, | 
Bur that we may the more diſtinctly conſider this grand argument, taken from the 


experience of the divers, that is wont to be employed by the ſchools, and others, for 


the vulgar opinion, and is now urged by the learned doctor to prove his; it will be 
convenient to obſerve, that it does, at once, both propoſe a queſtion, and contain an 


objection, grounded upon the ſurmiſed inſolubleneſs of that queſtion, 
AxD to begin with the problem, “ whence it is, that divers are ſo far from being killed 


* or oppreſſed by the weight of the incumbent water, that they are not ſo much as hurt 


« by it, nay, that they ſcarce feel it at all?“ we may take notice, that there is in it 
ſomewhat ſuppoſed, as well as ſomewhat demanded. For, in the queſtion, it is taken 
for granted, that divers, though at never ſo great a depth, feel no preſſure exerciſed 
againſt them by the water; which is an affirmation in point of fact, of whoſe truth J 
make ſome queſtion, for the reaſons I ſhall ere long have occaſion to mention. 
Bur it will clear the way for what is to follow, if I here divide the noble and difficult 
problem we are to conſider, into two queſtions ; the firſt, why a diver ſhould not 15 


An the ſecond, why at leaſt he ſhould not be made ſenſibly to feel it, by ſuffering ſome 


cot fiderable inconvenience from it? | ; 
In anſwer to the firſt of theſe queſtions, you will eaſily perceive that divers things 
may be pertinently applied, that you will meet with in the following paper, to ſhew the 


difference berwixt the preſſure of fluid and that of ſolid bodies. And that de facto the 


* Tte Author means the new experiments of the differing preſſure of heavy ſolids and fluids. 
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eſute of water may be excetding great, without deſtroying an animal quite ſurrounded 
nich that liquor, I have long ſince ſhewn in another * treatiſe, by the experiment of a 
rele tadpole, which being, tog ther with the water it ſwam in, included in a bent glaſs 
-aled at one end, the animal was not killed or ſenſibly hurt, but only (according to what 
was lately noted by anticipation) ſeemed to ſhrink into ſomewhat, and but little leſſer 
imenſions. 
1771 be here alledged, that this experiment makes rather againſt me than for me, the 
earned doctor having made uſe of it with a ſcheme to explain it in his ſixteenth para- 
graph; it will be fit for me to conſider his objection. Having then recited the matter 
of fact newly delivered, he adds, Quod cert? fieri non poſſet niſi juxta legem qua- tam 
cntruſio particularum aquæ contra ſe invicem principio bylarchico inhiberetur & eluderetur. 
Atque binc fil, ut quamvis aqua in tubo (ABC) vi trudis (G F) aliquanto facta fit conden- 
ſatior, partes tamen fic compreſſe, ut propriùs ad ſe invicem accedant, nihila in er ſe fiunt 
comprimentiores. And then ſubjoining the following paſſage; Neque enim ſequitur ex 
earum contatiu, quod premant ſe invicem, quandoquidem particulz, uti fit in duris corpo- 
ribus, in unum coaleſcere poſſunt, & tamen non mutuò ſe premere (wherein are ſome things 
that might be queſtioned, if it were neceſſary) he thus purſues his diſcourſe : CM vers 
lic particulæ aque, fs omninò premerent ſe invicem, preſſura in gyrinum, columnæ aqueæ, 


ducentos vel trecentos pedes, æneæ vero, plus vizintt vel triginta pedes altæ, preſionem 


adequaret, juculentum eſt indicium, quod revera particulz ſe invicem non premant. Nam 
plan} eft incredibile, columnam æneam pro corpore quidem gyrini latam, ſed altam viginti 
vel triginta pedes & amplius, gyrinoque ad perpendiculum incumbentem, omnia viſcera tam 
lenelle gelatinæ non eſſe eliſura n. Notwithſtanding which allegation I am apt to think 
you will judge the argument, from this experiment, to be more probable on my ſide than 


on the doctor's. For there being in our caſe an animal, excetdingly much more tender 


than a man, expoſed to a preſſure, which he affirms is ſo great, that it it were exerciſed 
on the tadpole, it ought to ſqueeze out all his guts, I think, J may pretend to have given 
a pertinent inſtance, that a diver may be at a conſiderable depth under water preſerved 
from being cruſhed to death by the weight of it. And whereas the doctor tells us, that 
the cauſe of the incolumity of the tadpole is, that the preſſure or contruſion of the par- 


ticles of the water againſt one another is hindered or fruſtrated by the principium bylar- 


chicum, I reply, that what I affirm is matter of fact, and evident (namely, that there 
vas a great external force duly, and yet ineffectually applied to preſs to death, by means 

of the water, the animal ſwimming in it); but that this mechanical force was ſuſpended, 
or made ineffectual, by ſome inviſible and immaterial agent, is but the doctor's hypo- 
theſis, and a thing, which, whether it be true or no, is at leaſt not maniteſt. 

Having ſaid thus much about the firſt queſtion, I nuw proceed to the ſecond, ** Why 
divers, though at never ſo great a depth, complain not of the preſſure of the water, 
nor ſuffer any harm nor inconvenience Ly it?“ | | 
Axpo here, Sir, the queſtion highly meriting a particular curioſity, I ſhall not ſcruple 
in the more full enquiry I am now entering upon, as well ſometimes to employ and 
enlarge particulars already mention:d in the laſt of the following papers, as oftentimes to 
ſtrengthen them with new ones. And I ſhall alſo, for a while, ſuſpend my difference 
with the doctor, and addreſſing myſcif to you, who, I am ſure, will allow me, that 
water weighs in water, propoſe, according to my cuſtom, not as a dogmatiſt, but as an 


inquirer, ſame particulars that may tend to the ſolution of a problem, which I take to 
be as difficult as noble. Not that I doubt, but it muſt and will be explicated upon the 


The Author points at the Appendix to the Hydroſtatical Paradoxes. 
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mechanical principles; but partly, becauſe the application of them to the ſolutio 
offer itſelf to every ſeeker ; and partly, becauſe we are not yet well furniſhed, either with 
experiments made on bodies under water, or ſo much as with ſo competent an accou; 
of the matter of fact, as I think may keep wary men from heſitations about it. Fa 
what is commonly reported concerning the divers, 1s (as has above been intimated) 
grounded but upon their own relations and anſwers, perhaps amplified or procured b 
leading queſtions from perſons, who are generally either ſlaves or ignorant men, alen 
from * leſs ſober part of the illiterate vulgar, and prepoſſeſſed with the common ogi. 
nion of the non- gravitation of water in its own nerd and conſequently are not like to 
make over-accurate obſervations, but prone to refer the inconvenient alterations they fee] 
to any other cauſe than the preſſure of the water, which they are taught to be none a: 
all. If obſervations about diving were made by philoſophers and mathematicians, or, at 
leaſt, intelligent men, who would mind more the bringing up out of the ſea inftrudtive 
obſervations, than ſhipwrecked goods, we ſhould perhaps have an account of what hap- 
ns to men under water, differing enough from the common reports. 

Yov will in one of the following papers find mention of a learned phyſician of my 
acquaintance, that, upon his diving leiſurely, perceived a conſtriction to be made of his 
thorax by the action of the ſurrounding ſea- water. 

A SrAx is H prelate that lived long in America, ſpeaking of the deplorable condition 

of thoſe wretched Indians that were employed by their inhuman maſters about the 6ſh- 
Purch. ing for pearls, gives us this account of them: It is impoſſible that men ſhould be able 
TS PRet live any long ſeaſon under the water, without taking breath, the continual cold 
1587. * piercing them; and ſo they die commonly parbreaking of blood at the mouth, and 
4 of the bloody-flux cauſed by the ſtomach. Their hair, which are by nature coal- 
66 black, alter and become afterwards a branded ruſſet, like to the hairs of ſea-wolves, 

we - | 

Axn a general cf the Engliſh in the Eaſt- Indies, being by them employed on an em- 

bt baſſy to the emperor of Japan, has this paſſage concerning ſome female divers, that he 
. purch. met with in his voyage: All along this coaſt, and ſo up to Ozaca, we found women 
5 Tom. I. “ divers, that lived with their houſchold and family in boats upon the water, as in Hob 
| Lib. 4. C. 4 land they do the like. Theſe women would catch fiſh by diving, which by net and 
2 * line they miſſed, and that in eight fathoin depth. Their eyes, by continually diving, 
Y grew as red as blood, whereby you may know a diving woman from all other women.“ 
I know it may be ſaid, that theſe diſeaſes may proceed from the coldreſs and moiſture, 
or other qualities of the ſea; nor would I confidently reject ſuch a ſurmiſe; but it may 
alſo be poſſible, that the compreſſion they ſuffered under water, might have, at leaſt, a 
| ſhare in the production of theſe ill effects. For how are we yet certain, that the preſſure 
| of the water againſt thrir bodies, though it docs not manifeſtly diſlogate any ſolid or frm 
L part, but only ſomewhat preſs inw_rd3. as in the above-mentioned tadpole the outward 
| {kin and the fbi es (both which will cafily yield a li tle way, without being painfully 

ſtretched) may not, by ſtraitæning the veſſels, and otherwiſe inconveniectly alter tae c. 

culation of the blood and the motion of the humours, ſpirits, and other fluid parts of 
| the body? And I am not ſure that much of the cold that dive:s are wont to complain 
0 of, when under water, may not be a diſaffection produced in the nervous and membra- 
f nous parts, occaſioned by the compreſſion of the ambient water, there being divers 
| things, and preſſure among others, beſides actual cold, that will make men complan of 
being cold; and in our caſe. this ſ-nſation may be excited, or aſſiſted, by the hindering: 
of the uſual perſpiration at the confſtipared pore; of the ſkin. And it ſcems not impol- 


ble, that one, not ſo ignorant and hecclcls as divers are wont to be, may 7 5 
ent yon 


n will not 
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ſenſation, that really proceeds from preſſure, to other cauſes ; ſince learned and intelli- 

at men, when prepoſſeſſed (as theſe common divers uſually are) with the vulgar opi- 
nion about the non- gravitation of water and air in their natural places, do almoſt always 
refer * an experiment of my engine to ſuction, which is indeed the effect of the prefſure 
of the ambient (as I have Þ ellewhere clearly ſhewn) and affirm, that the pulp of the 
anger or hand is drawn up into a hollow pipe, into which it is indeed thruſt by the weight 
of the ambient air. But all theſe things I have mentioned, not as if I laid any great 
weight upon each of them, but to Jet you ſee that it was not altogether without cauſe 
that I complained of the incompetency of the hiſtory of what divers. feel under water; 
eſpecially ar great depths, where this want of information may be more conſiderable ; 
for, as far as I have yet learned by peruſing voyages, and enquiring of travellers of my 
acquaintance, the places, where they are wont to dive for pearl, are but moderately 
deep, and indeed ſhallow, in compariſon of the great depths of the ſea; fo that if we 
were furniſhed with as many relations of theſe profound places, as we have of the others, 
poſſibly the accounts would be different enough to render doubtful, or correct the received 
opinions about the conditions of divers at the bottom of the ſea. For, I remember, 
that a credible eye-witneſs, who, if J miſtake not, was the intelligent Oviedo, ſpeaking 
of the pearl-fiſhing on the American iſland of Cubagna, has, among many other notable 
obſcrvations, ſuch a paſſage as this: But whereas the place is very deep, a man cannot 
naturally reſt at the bottom, by reaſon of the abundance of airy ſubſtance, which is in 
« him, as I have oftentimes proved. For although he may by violence and force deſcend 
« to the bottom, yet are his feet lifted up again, fo that he can continue no time there. 
« And therefore where the ſea is very deep, theſe Indian fiſhers uſe to tie two great ſtones 
about them with a cord, on each ſide one, by the weight whereof they deſcend to the 
* bottom, and remain there, until them liſteth to riſe again, at which time they unlooſe 
« the ſtones, and riſe up at their pleaſure.“ 


Aup now to come cloſer to the explication of our difficult problem; there yet occurs 


to me nothing more likely in order to it, than what I have already mentioned in the 
paper you will meet with about the differing preſſures, &c. And therefore it ſhall here 
fuffice me to enlarge, and by further conſiderations and experiments confirm, what is 
there more ſummarily diſcourſed; namely, that the phænomenon may depend chiefly 
upon theſe two things, the uniform preſſure of the fluid ambient, and the robuſt texture 
of a human body expoſed to this preſſare. | 
Ix one of the following Þ papers, you will find examples of the great preſſure that may 
be ſuſtained unharmed by ſuch frail bodies as eggs and thin glaſſes, that one would expect 
ſhould be broken in pieces thereby, provided the preſſure be exerciſed by the intervention 
of an ambient liquor, as water. And by the account, elſewhere referred to, of the tad- 
pole, it ſeems highly probable that even that tender animal, when it ſeemed by ſome 
mall diminution of the bulk to be every way a little compreſſed inwards, was put to no 
conſiderable, or perhaps to any ſenſible pain or inconvenience, ſince it ſeemed to ſwim 
without any irregular motions, which would in likelihood have enſued, if it had been 
much harmed or incommodated. Which example, with thoſe formerly pointed at, may 
| teach us, that there may be a vaſt difference betwixt the reſiſtance that a body can. make, 
when compreſſed immediately by ſolid bodies, and when in the compreſſion every way 


* The reaſon of which experiment may be gathered from the fourth Chapter of the Autho:'s long ſince. 
publiſhed Defence againſt Linus, | | 


Ja a paradox about ſuction. 
{| New experiments about the differing preſſure of heavy ſolids and flaids. 


412 | ambient 


619 


—_ — - 
—  — — — a+ ty an 


* 
* ” 

= 6 * 

* 3 , . * * 
- 
+> = —— —— . — 
— — — - > —— - i 
— ww —— 
= 
— 1 2 ? 


620 


An Hydroftatical Diſcourſe, Ge. 


ambient fluids intervene. Which you will the leſs admire, if you conſider, chat by 

ſon of the groſſneſs, hardneſs, or rigidneſs of viſible ſolid bodies, the preſſure can 3 
be made every where ſo equally, as by the parts of liquors, whole ſmallneſs, which ag 
ders them fingly inviſible, fits them to accommodate themſelves far more cloſely and 
conveniently to all the ſuperficial parts of the body immerſed in them, and to have the 
force of the compreſſing body more uniformly diſtributed to them. But becauſe the 
inſtances referred to are taken from bodies ſurrounded with water, I will take two or 
three about the reſiſtance of bodies to violently compreſſed air; partly, becauſe those 
made in our engine are wont to be performed with air, not condenſed, but rarefied or 
expanded beyond its uſual conſiſtence; and partly, becauſe it will not be denied, that 
the corpuſcles of air may be really compreſſed or thruſt againſt one another, ſince it is 
clear that they may be crouded into far leſs room than they poſſeſſed before, and bear ſa 
ſtrongly againſt the glaſſes that impriſon them, as not ſeldom, if too much compreſſed 
to burſt them in pieces. 
Constbex then, that among bodies not fluid, the ſwims of ſmaller fiſhes are likely to 
be judged none of the moſt able to reſiſt compreſſion, ſince they conſiſt of bladders { 
thin and delicate, that a piece of fine Venice paper is very thick in compaiiſon, and that 
they contain nothing in them but ſoft air, not compreſſed by any outward force, [ 
cauſed one of theſe bladdets, of above an inch in length, and proportionably great, to 
be taken out of a roach, and anointed it with oil to keep it ſupple, and preſerve it from 
being pierced or ſoftened by the water; and having by a weight of lead, faſtened to the 
neck of it, let it down to the bottom of a hollow cylindrical tube, ſealed at one end, 
and made purpoſely large, and about 56 inches long, for ſome hydroſtatical experiments; 
we could not perceive, that by the weight of all the incumbent water it was manifeſtly 
compreſſed, or that it did diſcover the leaſt wrinkle or other deprefſion of the very thin 
membrane, though ſtuffed but with air. And this trial was made more than once with 
the ſame ſucceſs; and yet, that this proceeded rather from the robuſtneſs of the bladder, 
that was able to reſiſt the weight of a taller pillar of water, than from the non-gravitation 
of water in the upper part of the tube on that in the lower, we ſhewed, by preſently 
letting down ſuch a mercurial gage, as is deſcribed, and often mentioned in the Cont!- 
nuation of our New Experiments, For letting down this by a ſtring to the bottom of a 
tube, the weight of the incumbent water forced up ſome of the mercury out of the open 
leg of the ſiphon into the ſealed one, and conſequently compreſſed the air included thee, 
which, though it were not very much, yet it was very manifeſt. For the uncompreſſed 
air being three inches and 4 in length, we judged. it at the bottom of the tube about 
by the intruſion of the mercury that was impelled up; and to ſatisfy myſelf, and orhers, 
that if the incumbent water had been heavy enough, it would have vilibly depreſſed the 
bladder in ſpite of any principium hbylarchicum, fince I could not have a tube long enough, 
the bladder was ſunk into a cryſtal glaſs, that had a long and cylindrical neck, and was 
ſo well ſtuffed with a ſtopple, that was cylindrical too, that it was very dithcult for any 
thing to get out betwixt it and the orifice of the glaſs ; then a competent quantity of air 
being left above the water, the ſtopple was warily, and by degrees thruſt down, and ſo 
leſſening the capacity of the glaſs, compreſſed the air that was next it, and by the inte. 
vention of that, the water that was under it. And though there did not, upon 2 light 
compreſſion of the outward air, appear any ſenſible operation upon the bladder that was 
at the bottom of the water; yet, upon a farther iatruſion of the topple, the preſſure 
being increaſed, the immerſed bladder diſcoveted not only one, but two conſiderably 
deep wrinkles, whiæh preſently diſappeared upon the drawing up of the ſtopple. Upon 


whoſe being thruſt in again, depreflions were again to be leen on the ſwim. "on we 
aving 
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having been careful to convey into the ſame glaſs ſuch a mercurial gage as has been lately 
ſpoken of, we eſtimated, by the condenſation of the air in the ſealed leg of that gage, 
that the bladder had been expoſed to a preſſure, that might be equivalent to that of a 
dillar of about forty feet of water. | 

Tis, 1 hope, will leſſen the wonder, that bodies of ſo firm a texture as thoſe of luſty 
men, ſhould ſupport the preſſure of the water at ſuch depths, as divers are wont to ſtay 
at; ſince we ſee, what reſiſtance can be made by ſo exceeding thin and delicate a mem- 
brane ſtuffed only with air, in compariſon of the ſtrong membranes and fibres of a man, 
ſtuffed beſides air, with more firm parts. I will not here urge, that great weights may 
be ſuſtained in the air by ſuch tendons or cords of fibres, and by other fibres, as it were, 
interwoven into membranes, in compariſon of what an ordinary man would expect: 
but I {hall invite you to conſider with me, that not only upon the account of the ſtable 
parts of the human body, but of the ſpirits too, it may reſiſt very violent preſſures (and 
ſuch as perhaps have not yet been conſidered) of a fluid body, not only without wy 
manifeſt contuſion or diſlocation of parts, but without any ſenſe of pain ; which I ſuppoſe 
you will grant me, if, conſidering what great effects guſts of wind have upon doors, 
trees, nay maſts of ſhips, blowing them down, nay breaking them ; and that yet a man, 
without being extraordinary ſtrong, will ſtand againſt the impetuoſity of ſuch a ſtrong 
wind, and walk directly againſt it, by virtue of the vigour of his muſcles and ſpirits, 
without being thrown down, or bruiſed by fo violent a current of air as beats upon him, 
but without ſo much as complaining that he feels any pain; and this, though the wind 
that beats againſt him, however it be a fluid body, yet becauſe it acts as a ſtream, does 
not uniformly compreſs him, but invade only the fore-part of his body. Lik-wiſe, in 
the lifting up heavy weights by porters, carriers, and other luſty men, we may ſee the 
lender tendons of the hands loaded with a hundred, or a hundred and fiity, or perhaps 
a far greater number of pounds, without having their fibres ſo far compreſſed or ſtretched 
as to make the lifters complain of pain, though ſometimes they may of difficulty, So 
that (as I could, if it were needful, confirm by other inſtances) a human body is an 
engine of a much firmer ſtructure than ſcholars are wont to take notice of. And here 
let me add, that J doubt whether, if the ſtructure of a man were not con(ider-bly (though 
not perhaps equally) firm, he would, eſpecially in a deep ſea, be able to bear the preſſure 
of the water, though not immediately applied, without pain. For (to give you one 
reaſon more of my not acquielcing in vulgar reports about diving) having ſeveral times 
converſed with a man, apt enough both to enquire and obſerve, who got his living by 
taking up ſhip-wrecked goods, he anſwered me, when 1 aſked him, whether he felt 
any peculiar preſſure againſt the drums of his ears, which are membranes not fo well 
backed as thoſe of other parts; that when he ſtaid at a conſiderable depth, as ten or 
twelve fathoms, under the ſur face of the ſea, he felt a great pain in both his ears, which 
often put him to ſhifts to leſſen it; which, by his manner of deſcribing it, I concluded 
was from the incompetent reſiſtance of the air, which he acknowledged to me, he found 
by nanifeſt tokens to be notably compreſſed by the ſuperior water. Whuch relation f:om 
ſuch a perſon does not only confirm our explication, but likewiſe warrant us to doubt, 
whether the common reports that are made concerning divers be fit to be relied on, without 
further examen and obſervation, 

Iv the mean time, I ſhall add two or three experiments more, to confirm the reſiſtance 
that animals inay make to a great preſſure, when exerciſed by the metiation o. a flu: 
body. And I the rather gave you an account of this way of making trials, becauſe ir 
nay be alſo helpful to diſcover the reſiſtances of inanimate bodies, whole ſhave and 
con::Rence we may chooſe and vary, almoſt at pleaſure, to the prefiuce of (tal y, or in 
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great part) ambient fluids, And if I had been furniſhed with a tube wide enou 
quantity of mercury great enough, I might, by the way, have ſhewn you, 
the learned Dr. More is pleaſed to ſuppoſe, that to butter itſelf, even as 
preſſure may be ſo applied, as not to be able to make it yield thereunto, For on thi 
occaſion I ſhall add, that I well remember, that, among other trials to the ſame Purpoſe 
I cauſed a piece of freſh butter, about the bigneſs of a ſmall hen-egg, to be brought 10 
an irregular ſhape, that if the compreſſion were ſuch, as many would expect, the lon 
corners, or ſolid angles, being at leaſt flatted, the butter might be reduced into a more 
capacious figure, and leſs remote from roundneſs. But, though having put this lum 
of butter into a bladder almoſt full of fair water, we proceeded, both in the ſame brals 
cylinder, and much after the ſame manner, that I employed about the egg mentioneq 
in the fourth experiment of the tract of the differing preſſure of heavy ſolids and fluids. 
yet I found, that after the plug had been loaded with a weight of lead of above fifty 
pounds, neither I, nor the operator, perceived the irregular figure of the butter to be 
altered. Nor was this the only trial of this kind I made with the like ſucceſs upon 
butter, though I dare not charge my memory with the circumſtances; and therefore 1 
ſhall, without delay, proceed to what I was about to recite concerning the reſiſtance of 
animals. 

We took then a common fleſh-fly, neither of the biggeſt ſort of all, nor of the leaſt, 
but of a middle ſize; and having put it into the ſhorter leg of a bent glaſs, which we 
cauſed to be hermetically ſealed at the end, there was put in as much mercury as filled 
that leg, and a part of the other, leaving little more than an inch of air between the 
quickſiſver and the ſealed end, that there might be room both for the fly, and the con- 
denſation of the air, and then with a little rammer, fitted for the purpoſe, we cauſed the 
mercury in the open leg to be thruſt againſt that in the ſealed leg, which thereupon did 
neceſſarily croud the air near the fly into leſs room; fo that, by our gueſs, it was con- 
denſcd into about a third part of the ſpace, which it poſſeſſed before, and which it 
regained when the rammer was withdrawn; and though this were done more than once, 
yet not only the fly was thereby not killed, but not ſo much, that appeared as ſenſibly 
hurt; and 1 perceived her, whilſt ſhe was pent up, to move her legs, and to rub them 


gh, and 3 
that whatever 
conſiderable 3 


one againſt the other, as it is uſual with that ſort of inſets to do of their own accord 


in the free air. Nor did I queſtion, but that, if the glaſs had not been inconvenient!y 
ſhaped to admit the rammer farther into it, the fly would have ſupported a far greater 
reſſure. | | 
r ANOTHER experiment, to the ſame purpoſe, we tried with water inſtead of mercury z 
bur, whereas this laſt named liquor could neither wet nor drown our fly (for which realon 
I chiefly made choice of it) the other did firſt wet its wings, and ſoon after, by a miſ- 
chance, drown it. But firſt we had an opportunity to compreſs the air into a third, if 
not into a fourth part of its former dimenſions ; and yet the fly continued to move divers 
of her parts, and eſpecially her legs, very vigorouſly, as if nothing troubled her, but her 
being, as it were, glued to the inſide of the glaſs by part of her wetted wings. And 
this, I hope, will keep the reſiſtance of divers to the ambient water from ſeeming incre- 
dible ; ſince ſuch flies were able to reſiſt, and, for aught appeared, without harm ot 
pain, the preſfure of the crouded particles of the air; though we gueſſed this to have 


| been as much compreſſed by the force of the rammer, as it would have been by a cylin- 


der of water of fifcy, or between fifty and ſixty feet high. By which alſo we may be 
helped to conceive, how great a difference there is, whether the ſame preſſure be excr- 
ciſed by a ſolid, or by a fluid body. For, according to our eſtimate, the preflure 
againſt the body of the fly was as great, as if a ſlender pillar of marble, having the of 
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for its baſe, and eighteen or twenty feet in height, had leaned upon the little animal; 
which, I preſume, you will eaſily think was more than enough to cruſh her to death, 

Byr becauſe, though the foregoing trials are not like to be rejected by the ikilful, yet 
they require a ſomewhat dextrous and nimble experimenter, and leave ſomething to his 
eſtimate, I will ſubjoin an experiment more eaſyto be made, and wherein the weight may 
be determined by meaſure, rather than conjecture, being made to be perpendicularly in- 
cumbent on the fly, or other animal. For the experiment may be as well made on 
other inſets, as worms, though ſome, that I had provided, chanced to miſcarry before 
they came to be uſed, > 

Wr took then ſome ordinary black flies (ſuch as uſe to haunt butchers ſtalls in warm 
ſeaſons) of a middle ſize (the length of the body and head of one animal, which for 
trial's ſake we meaſured, being about three eighths of an inch) and having placed one 
of them with the head upwards, that there was ſome diſtance left betwixt her and the 


ſealed end of the glaſs tube nine or ten inches long; we poured in quickſilver very ſlowly | 


and cautiouſly, leſt the force of ſo heavy a body, acquired by the acceleration of its 
deſcent, ſhould, more than the mere weight itſelf of the liquor, oppreſs the fly. To 
this effect Rooping the glaſs very much towards the horizon, and letting the mercury 
pals into the tube thorough a funnel, whoſe lower part was very ſlender, that it might 
come down but by little and little, we at length got in as much mercury as the tube 
would receive, and then holding it upright, we watched, whether the fly would make 


any motions 3 and finding, that ſhe did manifeſtly ſtir notwithſtanding the incumbent 


mercury, we meaſured the height of the mercurial pillar, reaching from the middle of 
her body to the top of the liquor, and found it to be about eight inches; and the 
quickſilver beirg poured out, the fly appeared to be ſo lively and vigorous, that I 
doubted not, but if we had a longer glaſs, the experiment had been much more conſi- 
derable. But, when afterwards I was able to procure a better tube, the ſeaſon of flies 
being almoſt quite paſt, I could ſcarce get any, and thoſe not briſk, as they are wont to 
be in ſummer. But however, we repeated the experiment with one of the beſt we could 
take of the above-mentioned ſize, and ordering the matter ſo, that the mercury incum- 
bent on her (for there was ſome beneath her) appeared to be of a greater height than the 
formerly employed tube was of, we ſaw her move one or other of her little legs divers 
times, though the tube were held upright z and therefore meaſuring the height of the 
mercury above her, we found it to atnount to ſixteen inches and better, and then free- 
ing her from this preſſure, we obſerved, that ſhe immediately found her legs again, and 
moved up and down briſkly enough; but when ſhe was loaden with twenty-three or 
twenty-four inches of the fame quickſilver (though the liquor were ſoon after poured 
out) ſhe gave no ſigns of life; which I ſuſpected might happen, not ſo much from her 
having been oppreſſed by the greatneſs of her weight, as from the great care of the 
operator to let down the mercury very obliquely and warily upon her. And this I was 
the rather confirmed in, becauſe, having got another fly of about the ſame bigneſs, 
though when {he was at the bottom of the quickſilver, ſhe ſeemed ſo compreſſed, as 
not to have any motion, we could take notice of, yet upon her being taken out of the 
piſs, ſhe preſently appeared to be alive by walking about, and beginning to diſplay 
her wings, though the pillar of mercury, that had leaned upon her, amounted to above 
twenty. ſeven inches. And I preſume, the ſucceſs would have been much more conſi— 
dcrable, if the experiment had been tried in the ſummer, when theie creatures are briſk 
and lively, and not, as it was, in the winter; beſides that probably theſe little animals 
Were hurt or weakened by the violence, that would ſcarce fail to be uſed in catching 
chem, and pating them into a place and poſture in the glaſs, as was required; the actual 
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colineſs of the quickſilver perhaps alſo making them ſomewhat torpid, whilR it touched 
them ſo many ways. And it muſt not be here omitted, that a fly, that ſeemed but thaw 
halt ſo big as one of thoſe hitherto mentioned, being well placed, with ſome mercury. 
under it, in a glaſs pipe held upright, ſuſtained a mercurial pillar of ſomewhar above 
twenty-five inches; and though ſhe was not obſerved to move under ſo great a weight, 
yet when once it was taken off, ſhe did not appear hurt, much leſs cruſhed to ; #0 
by it, and probably would have eſcaped under a much greater weight, if the tube 
which was too large, had not already employed all the ſtock of mercury we then had 
at hand. But I do preſume, that what we did try, will be available to our purpo 
ſince we fee clearly, that ſo ſmall an animal as a fly may ſurvive ſo great a preſſure 
and that ſhe could not only live, but was able to move ſuch long and flender bodies a 
her legs, when ſhe was preſſed againſt by above ſixteen inches of mercury, and conſe. 
quently by a weight, equivalent to a pillar of water of above eighteen feet and a half, 
which being above five hundred and ninety times her own length, and, according 10 
the eſtimate our meaſure ſuggeſted, many times more her own height ; fo that a diver 
ſix feet tall (which is ſomewhat more than an ordinary man's ſtature) to have as many 
times his height of water above him, as our fly might have had, and yet have moveg 
under it, muſt dive, at leaſt in freſh water, to near a hundred fathom, which is a far 
greater depth, perhaps by five or ſix times, than, for aught I could learn by enquiry, 
the divers either for coral or pearl are wont to deſcend. 

AnxD now, Sir, having tendered you the likelieſt conjectures, that occurred to me 
about the ſolution of this difficult problem; I ſhall return to doctor More, and conſider 
the object ion he frames from the ſuppoſed inſolubleneſs of it. And on this occaſion, I 
ſhall have two or three things to repreſent to you. 

Tre firſt is, that there would be much more weight in what he objects, if our affer- 
tion of the gravitation of water in water were, like the principium hylarchicum, a mere 
hypotheſis advanced, without any clear poſitive proof; whereas our doctrine is not only 
elſewhere directly proved by particular experiments, but by the very controverted one of 
the tadpole ; to clude whoſe force, ſo ingenious a perſon is fain to fly to a principle, that, 
to ſay here no more, is not phyſical. And from this firſt of the things 1 lately men- 
tioned, I ſhall haſten to the Len becauſe it will require to be longer inſiſted on. 

I HALL then further repreſent, that whatever power he is pleaſed to ſuppoſe at the 
bottom of the ſea, to ſuſpend the impreſſion of the incumbent water, I think, that fup- 
poſition ought to give place, if not to our former ratiocinations, yet to experience itlelf, 
which ſhews, there really is a great preſſure exerciſed by the water at the bottom of the 


Sir K. M. ſea. I remember that a friend of the learned doctor's and mine, who is ſo eminent a 


virtuoſo, as to have been often preſident of the royal ſociety, related a while ſince to me, 
that a mathematical friend of his, whom he named, having had an opportunity to try 
an experiment, I have in vain endeavoured to get tried for me, had the curioſity to kt 


down in a deep ſea a pewter-bottle, with weight enough to ſink it, that he might try, 


whether any ſweet water would ſtrain in at the orifice or any other part; but when he 
had pulled it up again, he was much ſurprized to find the ſides of his pewter-bottle 
very much compreſſed, and, as it were, ſqueezed inward by the water. I allo, not 
long ſince, cnquired of an obſerving acquaintance of mine, that has a conſiderable 
eſtate in America, whether he had not tried to cool his drink, when he ſailed through 
the torrid zone, by letting down the bottles to a great depth into the lea, and if he did, 


in what condition he found them when they were drawn up again. To which he at- 


ſwered, that he had ſeveral times employed that expedient for the refrigeration of his 


drinks, but was at firſt amazed to find the corks, with which the ſtrong ee 
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had been well ſtopped before, ſo forcibly and fo far thruſt in, that they could ſcarce 


have been ſo violently beaten in with a hammer, and it was {carce poſſible to get them 


out, And another ingenious perſon, that practiſes phyſick in the Indies, having the 
like queſtion put to him, anſwered me, that he had ſome while ſince had the curioſity to 
try, in a very deep part of the ſea, whether any freſh water would ſtrain into ſtone- 
boctles through a thick cork ſtrongly ſtopped in, and having let it down with a conve- 
nient weight to one hundred fathom, was much diſappointed, when he drew it up, by 
finding, that the preſſure of the water at ſo vaſt a depth had quite thruſt down the cork. 
into the cavity of the bottle (which elſe perhaps would have been cruſhed to pieces); an 


effect, which he would ſcarce have expected from the ſtrokes of a mallet. And if to 


all this it be objected, that it was not the preſſure, but the coldneſs of the water, that 
did the recited teats, by condenſing the included air, and obliging nature to do the reſt 


for fear of a vacuum; I will not launch into the controverſy, whether nature do any 


thing ob fugam vacui, but only anſwer, that I cannot find, by the relations of the divers, 
or otherwile, that it is ever ſo cold at the bottom of the ſea, as it is frequently above 
ground in winter, when great fiſhes are commonly ſaid to return to the deep parts of the 
ſea for warmth ;z and yet, in the ſharpeſt winters, I never obſerved corks to be driven 
in by the cold of the ambient; nay, I purpoſely tried with a frigorifick mixture, that 
very intenſe degrees of cold, ſuch as would quickly freeze many liquors, would not occa- 
ſion the breaking of thin bubbles of glaſs, purpoſely blown at the flame of a lamp and 
hermetically ſealed. 

Axp to ſhew ad oculum (as they ſpeak) that water may preſs more and more, as it 
grows deeper, againſt the ſtopple of a bottle, though the veſſel be inverted, I will ſub- 


join this experiment. Becauſe we have no water hereabouts, that is near deep enough. 
to force in a cork, as the ſea- water did in the above recited trials, I thought of a way 
of ſo cloſing the glaſs veſlel, as that the ſtopple ſhould keep aſunder the air in the vel. 


ſel and the outward water, and hinder all immediate intercourſe between them, and alſo 
make ſome reſiſtance againſt the preſſure of the external water, and yet be capable of 
freely moving up and down, and ſo be a good ſuccedaneum to a ſolid ftopple. Taki g 
then a glaſs phial, furniſhed with a ſomewhat long cylindrical neck, whoſe cavity was 

large in proportion to the reſt of the veſſel, we put into it as much quickſilver as 
would in the neck make a ſhort mercurial pillar of between half an inch and an inch; 


then a piece of very fine bladder, dipped in oil, was ſo tied over the orifice of the glaſs, 


that no mercury could fall down, or get out, nor water get in at the orifice, and. yet 


the bladder, by reaſon of its great limberneſs, might be eaſily thruſt up towards the 


cavity of the phial, or depreſſed by the weight of the mercury, This little inſttument, 
firſt iurniſhed with a weight of lead to fink it, being inverted, the mercury deſcended 
into the neck, and cloſed the orifice as ex:tly as a ſtopple, and yet, with its lower 


part, depreſſed the bladder beneath the horizontal plane, that might be conceived to 


pals by the orifice ; then the glaſs being a while kept in the water, that the included 
ar might be brought to the temperature of the ſurrounding liquor, and by a ſtring let 
further down into the ſame glaſs veſſel to about two feet in height, the preſſure of the 
liquor againſt the orifice of the phial did by degrees drive up the bladder and the 


mercurial ſtopple into the cavity of the neck, as was manifelt by the aſcenſion of the 
quickGilver ; and when the inſtrument was leiſurely drawn up again, the weight of this 
mercury made it ſubſide and plump up the bladder again as before. An experiment: 


kin to this, and therefore fit to confirm it, I have delivered in anotker diſcourſe *, . 


#* See the Paradox about ſuQion. . 
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AxD here I ſhall ſubjoin what very opportunely occurred to me ſince the writing of tþ 
laſt page. Metting caſually with an ingenious mechanician (whom you will find! = 
elſewhere + mentioned) that deviſed a ſuit of cloaths and other accommodations, when 
I once ſaw bim let down into the water, by whoſe help, and that of a boat, he rn 
and did continue there a great while, at a conſiderable depth under water, and * 
work; I aſked him afreſh (to obtain fuller informations than formerly) whether he * 
not the preſſure of the water againſt his breaſt and belly; to which he anſwered me 
(more circumſtantially than he had before) that when he was about four or five yards 
under water, though but in the river Thames, his breaſt and abdomen were fo compreſſed 
thet there being hardly room enough left for the free motion of his lungs, he cou 
ſcarce fetch his breath, and was neceſſitated to make them draw him quickly up, and 
that, among his later trials to improve his engine, having for remedy hereof cauſed x 
kind of armour for the cheſt and back to be made of copper, though the Riffnes of 

the metal defended him from receiving any miſchief in thoſe parts, yet in the others 
where only the leather, though ſtrong, was interpoſed, when he came to the depth of 
about fix fathom, though in freſh water, he found a great preſſure againſt his legs and 
arms and all the other parts againſt which the water was able to thruſt the leather 
ſuit inwards, And this preſſure being found by him, as he told me, pretty equal, 
againſt all the expoſed parts (for from the other, which were more yielding and obnoxi. 
ous, the armour kept it off) he received no miſchief from it, nor yet much incommo- 
dity (and ſome he might expect from the ſtiffneſs and unequal yielding of the leather): 
ſo that he could ſtay under water, though not ſtill at ſo great a depth, about two 
hours or longer. And upon the whole matter he anſwered me, that he was well ſatiſ 
fied by his trials, that the ambient water endeavoured to preſs him and his diving ſuit 
every way inwards. - Whether the coldneis of the water had any intereſt in this phæno- 
menon, I particularly enquired of the engineer; but he replied, that by reaſon of the 
' tightneſs of his diving ſuit or inſtrument, the warm ſteams of his body, that were pent 
in, and other concurring circumſtances, kept him from feeling any cold, and made him 
ſometimes feel a greater heat than he wiſhed. He has promiſed me, before it be very 
long, to make for me a trial or two, that I propounded to him, from whoſe ſuccels, it 
he can but reduce them to experiment, I hope to be able to preſent you a farther con- 
firmation of our hypotheſis. In the mean time, the things already recited, together 
with the preceding experiments, may well ſuffice for our preſent purpoſe, For, by 
what hath been ſ:id, it appears, that water does actually preſs againſt bodies, whether 
ſpecifically lighter or heavier than itſelf, placed under water, and that this preſſure in. 
creaſes with the height of the water above the emerſed bodies. And this being fo, it is nat 
more neceſſary ſor me, than for men of other opinions, to give a clear reaſon, why d- 
vers can reſiſt ſo great a preſſure of the incumbent water, And the preſſure of the 
water in our recited experiment having manifeſt effects upon inanimate bodies, whicl are 
not capable of prepoſſeſſions, or giving us partial informations, will have much more 
weight with unprejudiced perſons, than the ſuſpicious, and ſometimes diſagreeing 4e. 
counts of ignorant divers, whom prejudicate opinions may much ſway, and whoſe ver 
ſenſations, as thoſe of other vulgar men, may be influenced by prediſpolitiors, and ſo 
many other circumſtances, that they may eaſily give occaſion to miſtakes. I know, 
that learned men, that never were converſant in hydroſtaticks, are wont to think it ver 
difficult, if not impoſſible, to conceive, how ſo weak a thing, as they fancy an _ 
to be, ſhould avoid the being oppreſſed, or ſo much as harmed by ſo great a weight 
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of water. But they that ſhall attentively conſider what has been offered towards the 
removal of this difficulty, and remember how little they would have believed, that there 
is ſo great a difference, as we have by the tac pole, the fly, and other inſtances ſhewn 

there really is between the preſſure of ſolid and of fluid bodies, will, I preſume, be apt : 
to think it fit, that if, for want of a ſufficient hiſtory of matters of fact, any ſcruple 
remain about the ſolution. we have offered from the nature of the uniform preſſure of 
Auids, and the firm ſtructure of the human body, we ſhould, to remove thoſe remain- 
ing ſcruples allo, rather range about for other phyſical helps to ſolve more completely 
the problem, about ſuch a thing as compreſſion, which is an action purely corporeal 
and mechanical, than for want of a ready and complete ſolution to fly to the imme- 
diate interpoſition of an immaterial and intelligent, yet created agent, to explain clearly 
whoſe manner of working would be a much more difficult taſk, than the ſolution of the. 

phenomenon without it. 15 | | | 

Axpo now, Sir, having preſented to you the reflections I thought requiſite to write. I 

upon the learned doctor's diſcourſes againſt my hypotheſis and explications, relating to i 

the gravitation and preſſure of fluids, I have little more to trouble you with in this: | 

. 

| 

| 

: 

. 
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paper. For though in the latter part of the thirteenth chapter the doctor is pleaſed to 
ipend divers pages in the explication of divers of my hydroſtatical phænomena by the 
agency of that incorporeal director, that he calls principium hylarchicum-; yet ſince theſe 
explications of his are rather attempts to accommodate the phænomena to the hypo- 
theſis, than objections directly levelled againſt my ſolutions, I ſhall altogether forbear- 
to examine them; the main thing that I intended in this paper, according to what I told 
at the beginning, being to ſhew that the arguments urged againſt the mechanical ſolu- 
tions of the experiments by me recited, do not evince any of them to be erroneous. And 
J have neither the deſign nor the leiſure ſolicitouſly to examine the doctor's hylarchical 
principle. Of which I ſhall only ſay, that though he tells us, it is paratum ad moven- SITE 
dum quoquo verſum materiam pro data occaſione; yet ſince he alſo tells us, Dus particulæ Sf 2730” 
molis corporeæ, ive ſtabilis five fluide, d principio bylarcFico in unam aliquam partem omnes Page 167. 
jun?im urgeri poſſunt & premi, quamvis fingule ſingulas in nullam partem premant, quod- 
que pro magnitudine molis major minorve lotius fit Preſſio; and that the force, by which it 
endeavours to keep the elements in their true and natural conſiſtence, though it be very 
great, is not invincible : I ſee no need we have to fly to it, ſince ſuch mechanical affec- Ibid. 
tions of matter, as the ſpring and weight of the air, the gravity and fluidity of the water, 
and other liquots, may ſuffice to produce and account for the phænomena, without re- 
courle to an incorporeal creature, which it is like the Peripateticks, and divers other 
philoſophers, may think leſs qualified for the province aſſigned it, than their fuga vacui, 
whereto they aſcribe an unlimited power to execute its functions. I leave it therefore to 
you, Sir, to judge, which of the two ways of explicating an hydroſtatical phænomenon, 
the learned doctor's, or that which I have made uſe of, reliſhes moſt of the naturaliſt. 
And I ſhall only tell you, that if I had been with thoſe Jeſuits, that ate ſaid to have 
preſented the firſt watch to the king of China, who took it to be a living creature, 1 
ſhould have thought I had fairly accounted for it, if, by the ſhape, ſize, motion, &c. 
of tne ſpring- wheels, balance, and other parts of the watch I had ſhewn, that an en- 
eine of iuch a ſtructure would neceſſarily mark the hours, though I could not have 
brought an argument to convince the Chineſe monarch, that it was not endowed wich 
ite, From which compariſon you will eaſily gather, that what [ have thought mylclt. 
concerned to do in this place, was not to demonſtrate in general, that there can be no: 
ſuch thing, as the learned doctor's principium hylarchicum, but only to intimate, thar, . 
whether there be or not, cur hydroſtaticks enters need it, Nor do I think it neccflary - 
4 K 2 Lv. 
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to the doctor's grand and laudable deſign, wherein I heartily with him much ſucceſs of 
proving the exiſtence of an incorporeal ſubſtance. For, as I think, truth ought © 


pleaded for only by truth ; ſo I take that which the doctor contends for, to be 2 


ble in the righteſt way of proceeding by a perſon of far leſs learning than he, without 
introducing any precarious principle; eſpecially experience having ſhewn, that the gene. 
rality of heathen philoſophers were convinced of the being of a divine archite& of the 
world, by the contemplation of ſo vaſt and admirably contrived a fabrick, wherein, yer 
taking no notice of an immaterial principium hylarchicum, they believed things to be 
managed in a mere phyſical way, according to the general laws, ſettled among things 
corporeal, acting upon one another. And after this I have nothing more to fay, but 
that I would not have any thing that I have ſaid, miſconſtrued to the learned doctor: 
prejudice. For it is not neceſſary, that a great ſcholar ſhould be a good hydroſtatician. 
And a few hallucinations about a ſubject, to which the greateſt clerks have been gene. 
rally ſuch ſtrangers, may warrant us to diſſent from his opinion, without obliging us to 
be enemies to his reputation, And therefore, if you have found any thing in this paper 
inconſiſtent with a juſt tenderneſs of that, you have not only my conſent, but my de. 
fire to alter it, as an expreſſion that doth not well comply with my intentions of not ap. 
pearing any farther his adverſary in our debate, than the deſire of ſhewing myſelf a 
friend to the truth I was to defend, ſhould exact of, 


SIR, 
Yours, &c. 
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Written February 13, 1675- 


CONTAINING 


A Dilucidation of an Experiment of the Honourable Author of 
theſe Tracts, about a Way of weizhing Water in Water, 
upon the Occaſion of ſomei Exceptions made to it by Mr. 
George Sinclair“. 


* In his Hydroſtaticks, printed at Edinburgh, 1672, p. 146. il. 


To the READER. 


HEN this diſcourſe was juſt finiſhing in the preſs, there came to the publiſher's 

* hands a dilucidation of an experiment of the honourable author of theſe tracts, 

about a contrivance of his for eſtimating the weight of water in water, formerly publiſhed 

in Number L. of the Philoſophical Tranſactions, and by the following difcourſe cleared 

from the exceptions to be met with in Mr. George Sinclair's book, entitled T he Hydro- 

ſiicks, &c. printed at Edinburgh, 1672. Which dilucidation, becauſe of the affinity of 
the ſubject, was thought fit to be here annexed, 
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SIR, 


iy LLING this night in Paul's Church-yard for the ingenious Mr. Ray's Travels, that 
you yeſterday commended to me, I was alſo ſhewn a new treatiſe, that I never 
ſaw before, of a learned gentleman, and haſtily running over the index, found an ex. 
periment of mine declared inſufficient ; and though, being hindered to make haſte home 
it be ſo late, that, far from having time to peruſe the book itſelf (which I tell you, 
that you may not now expect any character of it from me) I have been ſcarce able 10 
read over, more than once, what directly concerns me in it; yet I ſhall adventure to 
ſay ſomething about it this night, for fear I ſhould not, in ſo buſy a time as this, be 
allowed to do it to- marrow. | 

WHEREAS then the learned objector, having recited my experiment about weighing 
water in water, as you were pleaſed to publiſh it in. a book enriched with ſo many 


Numb. L. better things, the Philoſophical Tranſactions, begins his animadverſions with ſaying, 


that herein is a great miſtaxe; I ſhall not in that much oppoſe him; for poſſibly 
the diſpute between us is not much more than verbal. And becauſe my experiment 
coming abroad by itſelf, and ſuppoſing thing, that I had formerly proved, and pub- 
liſhed, but which were not expreſly referred to in it, I wonder not, that my meaning 
ſhould not by all readers be fully underſtood. And therefore, to explain myſelf on this 
occaſion, give me leave both to repeat my opinion, and to ſhew you on what occa- 
ſion, and how far, I deſigned to confirm it by this experiment. My opinion then was, 
and ſtill is, that as water is a heavy fluid, ſo it does retain its gravitation and power of 
depreſſing 3 by which I mean a tendency downwards (whatever the cauſe of that gravity 
be) whether it have under it a body either ſpecifically heavier or lighter than itſelf, or 
equiponderant to it, For I ſee not what ſhould deſtroy or aboliſh this gravity, though 
many things may hinder ſome effects of it. And therefore. I ſuppoſe, that water re- 
tains its gravity not only in air, but in water too, and in heavier liquors, and conſe- 
quently, by virtue of this, the liquor preſſes upon them; but if a ſurrounded fluid have, 
upon the ſcore of its ſpecifick gravity, an equal, or a ſtronger tendency downwards, 
than water, it will, by virtue of that, be able to impel up this liquor, or to keep it from 
actually deſcending : fo that a portion of water, fuppoſed to be included in a veſſel of the 
ſame ſpecifick weight with water, this portion, I ſay, placed in a greater quantity of 
the ſame water, will neither riſe nor falt, as 1 have elfewhere ſhewn ; but yet it retains 
Ks gravity there; only this gravity is kept from making it actually deſce d by the con. 
trary action of the other water, whoſe ſpecifick pravity is ſuppoſed equal: as when 2 
juſt balance is loaded with a pound weight in each of its ſcales, though neither of the 
weights actually deſcend, being hindered by its counterpoile, yet each retains its whole 
weight, and with it preſſes the ſcale it leans upon; ſo that our lately mentioned in- 


cluded portion of water does really preſs the ſubjacent water, though it does not e; 
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depreſs it, or (as pethaps a ſchool- man would phraſe it) does gravitate on it, but not 
pregravitate, Nox do I think, that the only way of judging, whether a body gravi- 
rates, is to obſerve, whether it actually deſcends, ſince in many caſes its gravity may 
be proved by the reſiſtance it makes to heavy bodies, which if it were not one, would 
raiſe it : as may be declared by what I juſt now noted about equal weights in a balance. 
And for want of this diſtinction I have known even learned men, treating of hydroſta- 
tical things, miſtake both me and the queſtion, ; | i i 

Tux next thing L ha] to tell you, is, that the adverſaries I had to deal with, both in 
print, and in diſcourſe, denied, that in ſtanding water, the upper parts did preſs or 
gravitate upon the lower; and though they- could not but grant, that the whole weight 
of the water did gravitate upon the bottom of the veſſel ; yet they would have the parts 
of it to do lo afione communi (as they ſpeak) and fancied I know not what power of 
nature to keep the homogeneous portions of water, as well as other elements, from preſſ- 
ing one another, when it is in its proper place. Againlt this opinion (which I preſume 
my learned adverſary and I agree in oppoſing) it was alledged, beſides other things, 
which I found many, otherwiſe good ſcholars, were not fitted to uncerſtand, that if a 
glaſs phial or bottle, well (topped, were deeply immerſed under water, it would firongly 
tend upwards; but if it were dextrouſly unſtopped, when 1t was thus immerſed, ſo as 
the water could get in, abſtructing from or allowing for the weight of the glaſs itlclf, it 
would by the water, that crouds in and thruſts out the air, be made ſtrongly to tend 
downwards, and continue ſunk. But this not ſatisfying, becauſe it was pretended, that 
the reaſon of the empty botile's emerging, when ſtopped, was the poſitive leviry of the 
air it was filled with, and the ſinking of it, when unſtopped, was from the rec ls of the 
ſame air, that by the intruding water was driven with large bubbles out of the bottle; 
I thought this evaſion might be obviated by contriving an experiment, waer in the 
water ſhould be plentifuily and ſuddenly admitted into the glaſs, and yet no air cx, cl1-d 
out of it (which circumſtance I therefore took notice of, where I ſay, no bubblic of 
air appeared to emerge or eſcape through the water“) to that if then the gla!s, that 
was kept up before, ſhould fall to the bottom, with a gravtation amounting to a con— 
ſiderable weight in reſpect of its capacity, the ſinking of it could not by them be 
aſctibed, as they ſuppoſe, with poſitive levity, but to the weight of the admitted water, 
which, when thus weighed, would be invironed with water of the ſame kind : and to 
ſhew, that this admitted water might have a conſiderable weight, notwithſtanding the 
place it was in, I employed a pair of ſcales after the manner that is recited in the expe- 
riment, | | | 

By what I have been diſcourſing, you may conceive, that however my expreſſions 
diſagree with thoſe of my adverſary, the diſtance of our opinions is not ſo wide, as at 
firſt ſight it ſeems. For he allows, as well as I, that the ſuperior parts of water do by 
their gravity (for I know not on what other ſcore they can do it) preſs the inferior, 
But this he would not have amount to this expreſſion, © that water weighs or gravi- 
** tates in water z** whereas I ſcruple not to cloath my ſenſe in that expreſſion, becauſe 
I think water does always exerciſe its gravity, though it does not always pregravitate, 
or actually deicend, being often, as I noted above, either impelled up by an oppoſite 
and prepollent weight, or hindered from deſcending by the reſiſtance of other water, 
that counterpoiſes it: ſo that, if he thinks, that in my experiment I meant to propoſe a 
method of making water deſcend in water, and weigh it in that liquor with a pair of 
icales, juſt as if I would weigh in the ſame water a piece of lead, or a portion of mcr- 
cury, which are bodies much heavier in ſpecie than water, cither he miſtakes my in- 
tention, or 1] did not ſufficiently declare it. But that which I deſigned to ſhew, and, 
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for aught I can yet ſee, have ſhewn, was, that by the help of an ordinary balance 
may be made appear, that water admitted into the glaſs-bubble, I employed, gi "pra it 
the glaſs-bubble weigh ſo much heavier than it did before that liquor entere * 
and that this new weight, that was manifeſted by the balance, was not due, 
verſary ſuppoſed, to ſuch a receſs of the air, as I mentioned a while ago. 
Arp now, Sir, it will be proper to take notice of ſome paſſages in the objeQor's 


d into it, 
as My ad. 


diſcourſe, in order to dilucidate the ſubject of it. Whereas he ſays (page 149, 2 1 
150.) Take a piece of wood, that is lighter in ſpecie than water, and add wc op 
it by degrees, till it become of the ſame weight with water; knit it with a Ari w 
« a balance, and weigh it in water; and you will find the whole weight ſupported by 
„the water:” I anſwer, that this does not at all overthrow my opinion, but ok 
very well with it, For ſuppoſe the weight you add to the light wood be lead, it * 
not be ſaid, that the metal loſes its native ponderoſity, whilſt it reſts in the water; 
and the reaſon, why it deſcends not, is, that it and the wood it is joined to, are hin. 
dered by the counterpoiſe of the collateral water, which, by its preſſure, would raiſe 
the ſurface of the water, whereon the floating or ſwimming body leans, if it were not 
hindered by the weight of theſe incumbent ſolids : and this reſiſtance of theirs to the 
endeavour upwards of the water, being exerciſed only upon the account of their gravity 
ſh-ws, that they do in my ſenſe gravitate, though not pregravitate. 1 
AGcain, if you pleaſe to conſider the caſe put by the objector, page 151, and caſt 
your eyes epon his ſcheme, which, ſuppoſing you to have his book, I ſhall, for brevity 
ſake, make ule of at preſent z you will find him thus argue: Now, I fay, it is fix. 
* ounces of the weight (B) that makes this alteration, and turns the ſcales : for if twelve 
% ounces ſink the glaſs below the water, when it is full of air, and no water in it, 
« then ſurely ſix are ſufficient to ſink it, when it is half full. And the reaſon is, be- 
« cauſe there is a leſs potentia, or force, in ſix inches of air, by the one half, to 
« counterpoiſe a weight of twelve ounces, than in twelve inches-of air. Theretore- 
<« this air being reduced from twelve inches to fix, it muſt take only fix ounces to 
| e | =_— 
To which I anſwer, that I know not yet what, on this occaſion, he means by a po- 


tentia, or force, in fix inches of air, to counterpoiſe a weight of twelve ounces, For 


by the term counter poiſe, where the queſtion is about weighing, one would think he 
ſpeaks of weight; and yet air, according to the vulgar opinion, is poſitively light; ac- 
cording to us, though it have a gravity, yet in our caſe that muſt amount to ſo little, 
that what air the bubble needed to fill it, could not weigh at moſt above four or five 
grains, which therefore might ſafely be neglected. But, according to my opinion, the 
reaſon of the phænomenon is clear enough, without meddling with the potentia of the 
air. For if we conceive a horizontal plane to divide the water mentally, and pals by 
the bottom of the ſuſpended bubble; before the little ſtem be taken off, there is a far 
greater preſſure upon the other parts of that plane, than upon that which lies under the 
bubble, in regard they are prefied by the weight of the collateral water (A, L, G, . 
M, C,) whereas the other is preſſcd only by the weight of a body very much lighter 
than its equal bulk of water : lo that, ro keep the bubble from being forcibly buoyed 
up, there was requiſite eighteen ounces of lead, that make up the plummet (B,) to de- 
tain it under water, and cep the beam of the balance horizontal; that when accels 18 
given (at C) to the ncigioduring water, it is by the weight of the collaterally ſuperior 
water impelled into the cavity of the bubble, where the air, being much rarefied before, 
could not reſiſt its inge, and thereupon, fix ounces of water getting in, that part of 


of the unaginary plane, on which the bubble was incumbent, is preſſed by a eren 
weight 


An Haroſtatical Letter, &c. 


gaht than formerly by fix ounces, and conſequently, there needs the like weight in 
. A poſite ſcale of the balance, to reduce the ſcale to an equilibrium. And if we 
10 10 with our author, the glaſs to be completely full of water, and the counterpoiſe 
1 ſcale (O) to need ſix ounces more to make a new æquipondium, the account of 
0 henomenon will be the ſame, as, if you attentively conſider it, you will clearly 
| Ee And the reaſon why the additional weight of ſix ounces is required, will be, 
that the upper half of the bubble, that before contained leſs than three or four grains 
weight of air, being now filled with water, amounted to ſix ounces more cf water than 
formerly, and ſo the counterpoiſe, in the oppolite ſcale (O) will need the weight of ſix 
ounces to make a new æquipondium. ; 

Conoxvousl v to this explication, when the examiner ſays, * Now T enquire, whether Page 152. 
« theſe eighteen ounces are the æquipondium of the water within the glaſs, or of the 
« weight of the lead (B)? It is impoſſible they can counterpoiſe both, ſeeing the water 
« js now twelve, and B eighteen. It muſt then either be the counterbalance of the wa- 
« ter, or the counterbalance of the lead. It cannot be the firſt, becauſe twelve cannot 
« be in æquipondio with eighteen; it muſt then be in the ſecond : or if theſe eighteen 
« qunces in the ſcale (O) be the counterpoiie of the water within the glaſs, I enquire 
« what ſuſtains the weight of the lead (B)? the weight of it cannot be ſuſtained by the 
« water, becauſe it is a body naturally heavier than water, it muſt therefore be ſuſtained . 
« by the balance.“ I anſwer, that this ſpecious objection ſeems (for it is ſomewhat 
obſcurely worded) to be founded upon a miſtake of my meaning in the queſtion. How- 
ever, as to the phenomenon itſelf ; according to my ſenſe, the eighteen ounces in the 
ſcale (O) are the counterpoiſe of the eighteen ounces, that hang from the oppoſite and 
æquidiſtant ſcale, and make up the leaden plummet (B) which anſwer, I ſce not how 
our author prevents. But then you will aſk, what counterpoiſes the water in the 
bubble, which alone weighs twelve ounces? I anſwer, that it is the gravitation of the 
collateral water, which preſſes the other parts of the lately- mentioned imaginary plane, 
as much as the water in the bubble, the weight of the glaſs being here not reckoned by 
either of us; and the water incumbent on the bubble does preſs that part of the plane 
on which they lean ; ſo that there being in all thirty ounces to be ſuſtained, the eighteen 
of the plummet, and the twelve contained in the glaſs, the lead, that hangs in the wa- 
ter, is counterpoiſed by eighteen ounces in the ſcale, and the water in the bubble by the 
preſſure of the collateral water. 

Bur you will ſay, that it appears not, that the included water preſſes at all, ſince it 
does not at all deſcend. To which I anſwer, that as long as the water was getting into 
the cavity of the bubble, ſo long it did manifeſtly gravitate upon the ſubjacent plane, 
and actually deſcend, ra ſing the counterpoiſe in the ſcale : but when, by adding more 
weight to that counterpoiſe, things are brought to a new equilibrium, there is no rea- 
ſon, why the gravitation of the water ſhould again change the now regained æquipon- 
dum. Suppoſe, in the two ſcales of a balance there were placed two equally capacious 
and equiponderant phials, whereof one is quite full, and the other almoſt full ; it is evi- 
dent, that the full veſſel will keep the ſcale it leaned upon depreſſed, and if you gently 
Pour in as much water into the unfilled, as the filled has more than it, the fca'e, that 
was formerly kept raifed, will be now depreſſed, till the beam be brought to be hori- 
zontal; to which poſture when it is once brought, the equilibrium will continue: and 
yet it will not be ſaid, that though the added water, whilſt it was filing the glaſs, de- 
preſſed the ſcale it belonged to, yet it loſt its weight, or, which in my ſenſe is all one, 
did not gravitate upon the ſcale, when the balance was come to an equilibrium, be- 
| ule then this water did no longer depreſs it. And how much the water in our bubble 
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does, notwithſtanding its immerſion, gravitate, would be viſible, if, by ſuppoſition. ;. 
were all annihilated, and no other ſuffered to ſupply its room. For then the li, " 
part of the imaginary plane being much leſs preſſed, than immediately before the 
weight of the collaterally ſuperior water would ſtrongly impel up the bubble, if it w 
not kept in its place by a proportionable addition of weight to the plummet, Nor ſhoul 
it ſeem a ſtrange thing, that I ſhould ſay, that the thirty ounces, lately mentioned 
ſhould be counterbalanced partly by the weight in the oppoſite ſcale, and partly by the 
water that fills the immerſed bubble; firice this notion may be warranted even by the 
common practice of weighing heavy ſolids hydroſtatically. For if you would, for in. 
ſtance, weigh a lump of copper of nine pounds in common water, the metal, hanoin 
by a horſe-hair under water, will need, according to my elſewhere mentioned experi 
ments, either juſt or near about eight pounds in the oppoſite ſcale, to keep the balance 
horizontal, ſo that the whole nine pounds, that the lump weighed in the air, is counter. 
poiſed partly by the eight pounds newly mentioned in the oppoſite ſcale, and partly by 
the weight, or reſiſtance following from weight, of as much of the water as the co 
per fills the room of; which, as experience ſhews, is one pound: and if we ſhould con- 
ceive water in a veſſel adiaphorous, as to gravity and levity, to be ſubſtituted in the 
place of the metalline lump, it would weigh as much as the ninth part of the Copper 
lump weighed in the air, and the ſame counterpoiſe of eight pounds would maintin 
the æquilibrium. | | 

WHAT the learned objector has, at the cloſe of his diſcourſe about the natural and 
artificial balance, could not without prolixity, and is not here neceſſary to be dyelt 
upon ; eſpecially ſince you will ſee, in what I ſuppoie you have now received from the 
pre's, in anſwer to the ingenious Dr. More, what is to be ſaid on that ſubject, accord- 
ing to my hypotheſis. Wherefore; though my learned adverſary does in the 152d 
page conclude, ** That water cannot weigh in water,“ and aſſerts that the preſſure of 
« water is one thing, and water to weigh in water is another;“ yet, as I ſaid at firſt, l 
conceive much of our difference may be verbal; and, in my ſenſe, when water preſſes 
ſubjacent water, becauſe it does ſo upon the ſcore of its gravity, it gravitates in water, 
though it does not pregravitate, that is, actually deſcend. And fince it is in the ſenſe 
of this laſt expreſſion, that our author, if I miſtake him not, ſpeaks of weighing in we 
ter, his concluſion, that water cannot weigh in water, does not contradict me, wiv 
affirm not, that water does ſo weigh in water. Whether we ſhall agree in all other 
points of Hydroſtaticks, you will eafily believe, that I cannot yet tell; though by tie 
expreſſion he is pleated to uſe in the 146th page, to uſher in his objeRion with, it 18 
probable we may. And as to the now-diſpatched debate, if I have employed ſome 
words in another ſenſe than he, I preſume he is ſo equitable as to conſider, that I did 
not write of theſe things after having ſeen this book of his, but ſome years before; and 
have fince found thoſe expreſſions juſtified by the uſe that eminent writers have thought 
fic to make of them. And however I am glad, that he has given me this opportunity of 
clearing my experiment, and declaring by examples, as well as words, the opinion it 
relates to; eſpecially, if it ſeems to others, that I omitted to expreſs mylelf ſo fully; 
my deſign being, as I formerly told you, to convince ſuch adverſarics, as I then had 
met with, by ſhewing, that the above-recited phænomena of the emerſion and fin king 
of a glaſs phial depended upon the gravity of the water, and not upon the poſits 
levi:y of the air. 
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NEW 
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Of the Pos ITIVE or RELATIVE 


TEVITY or BODIES UNDER WATER. 


T is obvious even to the vulgar, as well as to philoſophers, that if wood, wax, or 

another body that is lighter in ſpecie than water, and naturally floats upon it, be de- 
tained under water, it will, upon removal of that force, emerge to the top. And this 
it does ſo readily, and, as it ſeems, ſpontaneouſly, that not only the Peripatetick ſchools, 
but the generaliry of philoſophers, both ancient and modern, do, as well as the vulgar, 
aſcribe this aſcenſion of lighter bodies in water to an internal principle, which they there- 
fore call poſitive levity. 

Bur this principle was not always ſo univerſally received among philoſophers, as in 
later ages it proved to be; Democritus, and ſeveral of the ancients, both atomiſts and 
others, admitting no abſolute, but only a relative or reſpective levity; which opinion 
ſome of the moderns have ingeniouſly attempted to revive. 

Bur, becauſe whatever wit they may have employed in arguing, yet the ſchools ſeem 
to have the advantage in point of experience, the obvious inſtances given by the Peri- 
pateticks having neither been ſolved by real and practical variations of the ſame in- 
ſtances, nor counterbalanced by new experiments of a cortrary tendency ; the import- 
ance and difficulty of the ſubject invited me to attempt, when I was upon hydroſtatical 
trials, whether I could experimentally ſhew, that whatever becomes of the general 
queſtion about poſitive levity, we need not admit it for the true and adequate cauſe of 
the emerſion of wood, and ſuch lighter bodies, let go under water. 


EXPERIMENT I. 


Tux inſtance that is wont to be urged to prove the poſitive levity of wood in water, 
ſeems to me to have been too perfunctorily made to be ſafely acquieſced in. For even 
as it is propoſed with advantage by a learned foreign mathematician, I cannot think it 

accurate enough to determine the preſent controverly : for I will readily allow him to 
ſuppoſe, that in caſe a flat board, as for inſtance, a trencher, have its broad ſurface 
ept by a man's hand or other competent force upon the horizontal bottom of a tub 
full of water, if the hand or other body that detained it be removed, it will ordinarily 
happen, that the trencher will haſtily aſcend to the ſurface of the water. But I do not 
perceive, that a deciſive experiment of this kind is eaſy (not to ſay poſſible) ro be made 
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tat both of them might in our caſe be conſidered as one body, the water could not 
impel them up, in regard that the cloſe contact of the ſurfaces of the two marbles kept 
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with ſuch materials. For the wood, whereof both the trencher and the bottom of 
barrel conſiſts, are ſuppoſed to be lighter in ſpecie than water; and to be ſo, the 

be of a porous and not very cloſe texture. To which agrees very well, "thy - 
ſolider woods, as lignum vitæ, Braſil, &c. whoſe texture is more cloſe and com 1 
will not float on water, but ſink in it: and therefore, if there be not much R 8 
uſed, than I have yet heard that any experimenter has employed, to bring the ſurf, 
of the trencher, and the bottom of the barrel, to a true flatneſs, and as much "ary 
neſs, as they can be brought to, I ſhall not think the trial ſo accurately made ork 
might be ; not to ſay, which I ſuſpect, that though it be mentally, yet it 1 
practically poſſible to bring ſuch porous bodies, as thoſe of the lighter woods, to be ft 
for ſuch a contact as might be neceſſary to make the trial accurately. And in case 
that were actually done, I ſhould be kept from expecting, with my adverſaries, the 
e e 4 the trencher, by the experiment by and by to be recited, and by the true 

I TrixK then that the cauſe why, in ordinary inſtances, wood, wax, and other bo- 
dies ſpecifically lighter than water, being let go at the bottom of a veſſel full of that 
liquor, emerge to the top, is chiefly, that there is no ſuch exquiſite congruity and con- 
tact between the lowermolt ſuperficies of the wood, and the upper ſurface of the bottom 
of the veſſel, but that the lateral parts of the water, being impelled by the weight of 
the parts of the ſame liquor incumbent on them, are made to inſinuate and get between 
the lower parts of the wood and the bottom of the veſſel, and fo lift or thruſt up- 
wards the wood, which bulk for bulk is leſs heavy than the water that extrudes it, 

THAT this is the reaſon of the emerſion or aſcenſion of bodies, lighter in ſpecie than 
the fluids they ſwim in, is moſt conſonant to the laws of Hydroſtaticks, as I have elſe- 
where ſhown. But whereas the whole force of the argument of thoſe I diſpute with, 
conſiſts in a ſuppoſition, that, becauſe the trencher (formerly ſpoken of) is placed upon 
the bottom of the barrel, no water can come between to buoy it up, whence they con- 
clude, it muſt aſcend by an internal and poſitive principle of levity, I thought fit to 
make the experiment after another, and, if I miſtake not, a better manner. 

We took then two round plates of black marble ſhaped like cheeſes, which had 
thoſe ſuperficies that were to be clapped together ground very flat, and poliſhed very 
carefully, that the ſtones being laid one upon the other, might touch in as many of the 
ſuperficial parts, as the workman could bring them to do; that, whilſt they were in that 
poſition, the uppermoſt being taken up, the other would ſtick to it, and aſcend with 
it. And to keep out the water the better, the internal ſurfaces were, before they were put 
together, lightly, and but very lightly, oiled ; which did not hinder them from molt 
eaſily ſliding along one another, either forward or backwards, or to the right, or to the 
teit, as long as the contiguous ſurfaces were kept horizontal. 

Trzse things being done, a blown bladder, of a moderate ſize, was faſtened to the 
upper merble, and both of them were let down to the bottom of a tub of water, where, 
by the help of an eaſy contrivance, the lower marble was kept level to the horizon. 
And now the patrons of poſitive levity would have concluded, that the bladder, being 2 
body, granted to be by vaſt odds lighter than wood, and being in an unnatural place be- 
neath the ſurface of the water, ſhould, of its own accord, and with impetueſity, emerge; 
but expected a contrary event, becauſe the bladder being tied to the upper marble, ſo 
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the water from being able to inſinuate itſelf between them, and conſequently from get- 
ting underneath the upper marble, and preſſing againſt the lower ſuperficies of it. And 
to ſhew that this was the reaſon of the bladder's not emtrging, I cauſed one of the by- 
ſtanders to thruſt his arm down to the bottom of the tub, and with his hand to make 
art of the-oiled ſurface of the upper marble ſlide off, on any fide, from that of the 
ower, which, by reaſon of the ſmoothneſs and ſlipperineſs of the ſurfaces, he found moſt 
eaſy to do. But the contact ſtill continuing according to a greater part of the ſurfaces 
than was requiſite, I bid him yet ſlide, but by flow degrees, more and more of the up— 

r marbles from the lower, till at length, when, according to his gueſs, the matbles 
touched but in one half of their ſurtaces, the endeavour of the water to extrude the 
bladder full of air being ſtronger than the reſiſtance, which the contact, but of part of 
the ſurfaces of the ſtones, was able to make, they were ſuddenly disjoined, and the blad- 
der was by the extruding water impetuoulſly, as it were, ſhot up, not only to the top 
of the water, but a good way beyond it, | 

Wirz theſe marbles we made ſeveral other experiments of this kind, moſt commonly 
letting down the marbles both together; but once or twice at leaſt placing the upper 
marble under water upon the lowermoſt already fixed to the bottom of the barrel. 

THAT it was not the weight of the upper marble, nor want of lightneſs, whether 
poſitive or relative, of the air included in the bladder, that kept it from aſcending, was 
plain; not only upon the newly- mentioned impetuous emerſion of it, upon the disjoin- 
ing of the marbles, but by this, that the bladder would lift up from the lower parts of the 
water, not only the upper ſtone, when it touched not the other, but a weight of ſeven 
or eight pounds hanging at it. | 

Axp that a fuga vacui was not an adequate cauſe of the coheſion of the marbles in 
our experiment, may be argued from this, that whether or no nature do any thing, at 
any time, out of abhorrence of a vacuum (which may be much diſputed) ; yet, in our 
cale, this abhorrency could not be well pleaded by its aſſertors, ſince many of them hold 
it to be unlimited, and the more modeſt, to be at leaſt capable of lifting up prodigious 
weights; whereas, in our experiment, the levity of a. bladder, that could not raiſe ten 
pounds weight, was ſufficient to disjoin the marbles, when they yet touched one another 
according to half their ſurfaces. | 


EXPERIMENT II. 


To ſhew now, whether it is not rather the gravity and preſſure of the water, or 
other ambient fluid, than the poſitive levity of a lighter body in ſpecie than it, that makes. 
the immerſed body aſcend to the ſurface of the liquor, I deviſed-this experiment: 

We took a bladder, out of which a great part of the included air had been ex- 
preſſed, and tying the neck of it very cloſe, that none of the remaining air might get 
our, we faſtened to it a conſiderable weight of ſome very ponderous body, as lead or 
ron, By the help of this we funk the bladder to the bottom of a wide mouthed glaſs, 
tull of water, that the ſurface of the liquor might be a good deal higher than the up- 
per part of the bladder: this wide mouthed glaſs we included in a great receiver (whoſe 
orifice mult be very large to be able to admit ſuch a veſſel) which I cauſed to be care- 
iully cemented on to the engine, The main ſcope of this experiment was to ſhew, 
that though the air included in the bladder was very far from being able, by its abſo- 
lure levity, to lift up ſo great a weight, as the bladder was clogged with, yet the ſame 
ar, continually included in the bladder, would, by its mere expanſion, without any new 
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external heat, acquire a power of aſcending in ſpight of that weight ; which aſcenſ 

therefore muſt be attributed to the water, which, according to the laws bycroltala 
ought, cæteris paribus, to reſiſt, or buoy up more potently thoſe immerſed bodies that 
being lighter in ſpecie, than it, poſſeſs the greateſt place in it, and hinder the mor 
water from acquiring its due ſituation : as we ſee, that among hollow ſpheres of K 
and metal, equally thick and well ſtopped, there is a much heavier weight requiſite 0 
ſink a large one than a ſmall one. For the proſecution of this trial, we began to pum 
the air out of the great receiver; and its preſſure upon the ſurface of the water bein 


thereby more and more leſſened, (according to what we elſewhere more fully declare) the 


ſpring of the included air began by degrees to diſtend the ſides of the bladder, till at 
length that veſſel of air ſwelling every way, took up ſo much more room in the wa. 
ter than it did before, that the water was able to lift the bladder and the annexed weight 
to the top, and detain it there, till we thought fit to let in again, ſome of the exclude} 
air, which forcing that in the bladder to ſhrink in its dimenſions, the weight was pte. 
ſently able to ſink it to the bottom. 

Anp here it may be noted, that if, inſtead of hanging fo great a weight at the neck 
of the bladder, we faſtened but a moderately heavy piece of lead, ſuch as would only 
ſerve to ſink the bladder, and keep it at the bottom of the water, ſo that the aggregate 
of the bladder, air, and metal, was but a little heavier than a bulk of water equal to 
them; then, upon the firſt ſuck or operation of the pump, which could withdraw but 
a ſmall pat of the air in the receiver, the air in the bladder ſuddenly expanding itſelf, 
would forthwith be impetuouſly extruded by the water, though after ſome reciproce- 
tions it would float in its due poſition, till upon the return of a little outward air, ſome- 
times as little as we could conveniently let in, it would immediately ſubſide. 

Bur this is not ſo neceſſary to be inſiſted on, as it is to take notice, that I foreſaw it 
may be objected, that the aſcenſion of the weight was not effected by the preſſure of the 
water, but by this, that rarity and levity being qualities exceedingly of kin, the great 
rart faction of the air might proportionably increaſe the levity of it, and conſequently 
enable it to perform much greater things than it could do before. 

I wiLL not here diſpute, whether, generally ſpeaking, a body rarefied without heat 
would, in vacuo, or in a fluid not heavier in ſpecie, than the body when rarefied, merely, 
by ſuch a greater diſtance of its parts as may ſuffice to entitle it to rarefaction, become 
really heavier or lighter than before. I will not, I ſay, diſcuſs this queſtion here, where 
it may ſerve my turn to ſatisfy the recited objection by the following experiment, 


EXPERIMENT: HL 


Azovr the neck of a conveniently ſhaped phial capable to hold ſome few ounces of 
water, I cauſed to be carefully tied the neck of a ſmall bladder, whence the alr had 
been diligently expreſſed, ſo that the bladder, being very limber of itſelf, and probably 
made more ſo, as well as more impervious to air and water, by the fine oil we ha 
cauſed it to be rubbed with, lay upon the orifice of the phial like a {kin clapped toge- 
ther with many fols and wrinkles. 

Tuis done, we let down the phial into a conveniently ſhaped veſſel full of _ 
and the phial, being poiſed beforehand for that purpoſe, ſunk perpendicularly in - 
Iquor, till the neck of the gla's was partly above and partly beneath the ſurface of 1 
water: then covering the external glaſs with a large receiver, we cauſed the air to be 


| Be : 
pump:d out, and as the preſſure of that was gradually withdrawn, the air in the mn 
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ing phial did little by little expand itſelf into the bladder, and unfolded the wrinkles of 


- +1] at length it became full blown, without altering the erected poſture of the glaſs it 
* ed upon. But this great expanſion being made above the water, and conſequently in a 
3 not heavier than the included air, gave that highly rarefied air no ſuch increaſe of 
kriy as enable us to perceive that it made ſo much as the neck of the glaſs ariſe higher 
in the water than it did before. Nor did we take notice, that the return of the air into 
the receiver, by reducing the air in the bladder to its former unrarefied eſtate, made the 
aſs ſink deeper than before. But when the experiment was tried with the ſame glaſs 
— bladder, at the bottom of the water, then, upon the pumping out the air, the 
bladder being dilated under water, was, after a while, carried up to the top, and took 
vp with it about eight or ten ounces, that had been to clog it, faſtened to the bottom of 


the phial. 
—— j  ____—__————— ʃ i 
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DO not think it were difficult for an intelligent peruſer of our phy ſico- mechanical 
experiments, to find there divers phænomena, whence it may be deduced that bodies 
under water, though kept by that liquor from the immediate contact of the air, may 
yet be expoſed to its preſſure, whether the air act as having a weight, or as a ſpring, 
But becauſe not only the vulgar, but philoſophers, have been ſo long and generally pol- 
ſeſſed with an opinion, that a fluid fo little heavy as the air, cannot by its weight act upon 


a liquor, that is, like water, bulk for bulk, a thouſand times heavier than it; and. becauſe 


alſo it ſeems yet more ſtrange, that a little air, perhaps not amounting to a ſcruple or 
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drachm in weight, ſhould in its ordinary ſtate of laxity act conſiderably upon bodies, 


Waich, being covered with water, ſeem, by the interpoſi.ion of that liquor, to be fenced 
rom the incumbent air; it may be worth while to add three or four hydroſtatical expe- 


rincnts, to confirm a truth that very few are yet acquainted with; and add to the proofs 


ab eady given of the power of the ſpring of the air, iome of the operations we have 
U.Covered it to have upon bodies placed under water. 
LHERE are two 11 


; IHERE orts of trials that I ſhall employ to ſhew, that a ſmall quantity of 
mood air may, by its preſſure (which in our caſes muſt depend upon its ſpring) have 
a CO- 
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a conſiderable operation upon bodies under water, notwithſtanding the interpoſit; 

that liquor. 0n gf 
Fox this preſſure we ſpeak of may be manifeſted, in the firſt place, by what it di & 

and poſitively operates upon bodies covered with water; and, in the next pla rectly 


Far. that regularly enſue upon the removal of the incloſed air, or the r 
ring. 


EXPERIMENT I. 


To begin with the former way of ſhewing the preſſure of the air, I thought it (uf. 
ficient, in regard of the trials to be referred to the ſecond way, to make the following 
experiment. | 

We took a ſquare glaſs phial, gueſſed to be capable of holding between half a pint 
and a pint of water; the neck of this we luted on carefully and ſtrongly (for elſe it would 
have been buoyed up) over the orifice of the ſmall pipe, at which the air paſſes in our 
engine out of the receiver into the pump; then whelming over this glaſs a great receiver 
we luted ic ſtrongly to the engine (that it might as well keep in the water as keep our 
the air) and at the top poured in as much water as ſufficed to inviron the internal receiver 
(if I may ſo call it) and cover it to a pretty height. This done, we exactly cloſed with a 
turning-key the hole in the great receiver, at which the water had been poured in, that 
no air might get in or out that way. And laſtly, we began to pump out the air con- 
tained in the internal receiver ; to the end that that air, which by the above-mentioned 
pipe had communication with the external air, might no longer by its preſſure afiit 
the glaſs to reſiſt the preſſure, which the incumbent and incloſed air, by virtue of its 
ſpring, conſtantly exerciſes upon the ſubjacent water, and by its intervention upon the 
ſides and bottom of the internal receiver. 

Ax b as we expected not, that this glaſs by its own ſingle force, ſhould reſiſt the preſ- 
ſure of the air incloſed in the upper part of the great receiver, notwithſtanding the inter- 
poſition of the water, ſo the event fully juſtified our conjecture; for at the firſt exſuc- 
tion, which could not be ſuppoſed to have well emptied the internal glaſs, this veſſel 
was, by the preſſure of the ſuperior air upon the circumſtant water, broken into I know 


not how many pieces. And the ſame experiment, though with a little flower ſucceſs, was 
repeated with a ſtronger internal glaſs, | | 


EXPERIMENT I. 


I PROCEED now to the ſecond way of manifeſting the preſſure of incloſed air vpon 
bodies under water, which is by ſhewing the phænomena exhibited by thoſe bodies upon 
the removal cr leſſening of that preſſure. | 

Havinc ſqueezed out of a moderately ſized bladder the greateſt part of its air, we 
tied the neck of it very cloſe, and then faſtening to it a competent welglit, we placed 
it at the bottom of the talleſt and largeſt glaſs we could cover with our great receiver, 
that ſo, though the incumbent air were pumped out, none of the water might be pump: 
ed out with it, but (till retain the ſame height above the bladder. Having then poured 
upon the bladder as much water as would {ſwim a great way above the upper part of it, 


we covered this glaſs of water with a great receiver, which being carefully cemented on 
to 


Preſſure of the Air Spring on Bodies under Water. 


engine, the pump was ſet a work, and as the air, which by its ſpring preſſed 
2 el 1 * he gh included water, was by degrees pumped out, ſo the air that was 
_ riſoned in the bladder, did gradually expand icſelf at the bottom of the water, as if 
2 liquor had interpoſed between them otherwiſe than by its weight, upon whoſe 


account it muſt be allowed to give ſome little impediment to the expanſion of the bladder, 


5 rtion to the height it had above it. 
J Tat event of our — was ſuch as was expected, namely, that the immerſed 
bladder was at length full blown, by the dilatation of the air incloſed in it; and by its 
:ntumeſcence made a conſiderable part of the water run over by the ſides of the glaſs that 
before contained it all, And when acceſs was given again to the external air, the internal 
being compreſſed, the bladder was preſently reduced to its wrinkled ſtate. 


EXPERIMENT III. 


We took a ſmall but fine bladder, whoſe neck was ſtrongly tied up, when it was, by 
gueſs, about half full of air; this we put into a ſhort braſs cylinder, the lower of whoſe 
baſes was cloſed with a braſs-plate, and the other left open ; this open orifice we after- 
wards ſtopped, but not exactly, with a cylindrical plug, that was ſomewhat leſs wide 
than it, and was by a rim at the top hindered from reaching too deep into the cavity 
of the cylinder, that it might not do miſchief to the bladder that lay there beneath it 
upon this plug we placed an almoſt conically ſhaped weight of lead, and this pile of 
ſeveral things being ſo placed upon our engine, that we could cover it with a great re- 
ceiver, we carefully cemented on this veſſel, and at the top of it poured in ſo much 
water as would ſerve to fill the vacant part of the braſs cylinder, and the cavity of the 
engine to ſuch a height, that it covered all the leaden weight, which was ſeveral inches 
high, except a rim, which was faſtened to the top of it for the convenienter removing 
of it. | | | | 

ALL this being done, the pump was ſet to work, and long before we had exhauſted 
the air of the receiver, that, which was incloſed in the Jank bladder, had by degrees 
diſplayed ſo vigorous a ſpring, that it had heaved up the weight that lay upon it to a 
notable height, and kept it there till the air was let in from without, to aſſiſt its being 
depreſſed by the leaden weight, which amounted to no leſs than about 28 pounds. 


EXPERIMENT IV. 


Tuxxx remained yet one trial to be made, which, in caſe it ſhould ſucceed, ſeemed 
likely to appear as great an evidence of the force of the air's ſpring upon bodies under 
water, as could be reaſonably deſired of us; it having been looked upon by many vir- 
tuoſi, as the conſiderableſt inſtance of the force of the air's ſpring, even when no water 
intervened in the trial. | | 

To ſatisfy, therefore, our curioſity, we took a copper veſſel of a cylindrical ſhape, 
and a conſiderable height; into this, being firſt almoſt filled with water, we put a ſquare 

glaſs-phial, capable, by gueſs, to hold nine or ten ounces of water, and exactly ſtopped 
with a cork and a cloſe cement; this phial, by a competent weight, was detained at the 
bottom of the water, from whoſe upper ſurface it was conſiderably diſtant; then the 
copper veſſel being placed upon the engine, and included in a great receiver well cemented 
| On, the air was by degrees pumped out; but before it was quite exhauſted, the glaſs at 
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the bottom of the water was, by the ſpring of the air included in it, burſt into man; 
pieces, not without great noiſe, and a kind of ſmoke or miſt that appeared above ml 
ſurface of the water. 

AnoTHER glaſs of the ſame ſort had been broken after the fame manner in another 
veſſel z but having afforded us no particular phænomenon, I barely mention it, to ſhew 
that we made more than one trial of this kind, 

Taz conſequence that will naturally reſult from the three laſt experiments, is this, that 
fince barely upon the withdrawing of the preſſure of the included air (which was perha 
but very little in quantity) the air reſiding in the immerſed bodies did, by virtue of Its 
ſpring, expand itſelf ſo forcibly as we have recited, and perform notable things, the air 
above the water muſt have exerciſed a very powerful preſſure upon the ſurface of it, 
ſince (ſetting aſide the weight of the water, of ſmall moment in our trials) it muſt haye 
been, at leaſt, <quivalent to (and probably much exceeded) that force of the immerſcd 
air, whoſe exercile it was able totally to hinder. 

Ax p from hence it may be eaſily deduced, that the weight of the atmoſphere acts upon: 
bodies under water, notwithſtanding that the interpoſed liquor 1s, by vaſt odds, heavier 
in ſpecie then air; for we have juſt now proved the preſſure of incloſed air (which cons 
ſiſts in its ſpring) upon bodies under water; and it is manifeſt, that the ſtrength of the 
ſpring of this inferior air, we make our trials with, is cauſed by the weight of the ſupe. | 
rior air, which bends and compreſſes thoſe little acrial ſpringy particles, whereof our air 
conſiſts z ſo that the weight of the atmoſphere being equivalent to the ſpring of the infe- 8 
rior air (for elſe it could not compreſs it as much as it does) muſt lean upon the ſurface acqi 
of the ſubjacent water, with a force equivalent to the ſpring of that part of it that is reall 


contiguous to the water. cru] 

Tx1s experiment brings into my mind another, that J once made, which, though not = be al 
properly hydroſtatical, yet relating to poſitive levity, may perhaps be not uſeleſiy added T 
on this occaſion ; wherefore I ſhall here ſubjoin a tranſcript of the. phænomenon that taker 
belongs to our preſent purpoſe, as it is regiſtered ſoon after the experiment was made, A 

To examine, by a viſible experiment, the common doctrine, that a portion of at, as to 
by being much dilated, rarefied, or expanded, does acquire a new and proportionable theſe 
degree of poſitive levity, I deviſed to put in practice the following way: poſit] 

Wr took a bladder of a moderate ſize that was very fine and limber, that it might other 
be the lighter and more eaſily diſtended. The moſt part of the air being ſqueezed out f In a 
the bladder, the neck of it was tied up very cloſe, that no air might get out of it, nor pract 
any external air get into it. This limber bladder was hung at one of the ſcales of a ba. ackne 
lance, whoſe beam had been purpoſely made more than ordinarily ſhort, that the inftry- if exp 
ment (which. yet was tickliſh enough) might be ſuſpended, and capable of playing in the = 0bjcc 


eavity of a great receiver, into which we conveyed it, having firſt carefully counterpoiſed SE 
the bladder with a metalline weight put into the oppoſite ſcale. | 
Tr1s done, the air was pumped out, and, as that was withdrawn, the bladder was 
more and more expanded by the ſpring of the internal air, till-at length, when the receiver 
was well exhauſted, it appeared to be quite full, Notwithſtanding which great dilatation 
of the included air, it did not appear by the depreſſion of the oppofite ſcale, to be grow! 
manifeſtly lighter than it was at firſt. And the bladder ſeemed allo to retain the fame 
weight, after it had, by the air that was let into the receiver, been compreſſed into is 
former wrinkled ſtate. ] | | 
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INC E not only in vulgar ſpectators of phyſico- mechanical experiments, but even 
8 among ſome learned men, it has proved a great impediment to men's freely 
acquieſcing in the docttine founded on thoſe phænomena, that if the atmoſphere could 
really exerciſe ſo great a preſſure, as we aſcribe to it, it would unavoidably oppreſs and 
cruſh all the bodies expoſed to it, and conſequently neither other animals nor men would 
be able to move under ſo great a load, or ſubſiſt in ſpite of ſo forcible a compreſſion. 

Tuis I readily grant to be a plauſible objection; but I ſuppoſe the force of it will be 
taken away by the following conſiderations put together. 

AnD firſt, the power of preſſing, that we aſcribe to the air, is not a thing deduced, 
as too many other conſequences in phyſick are, from doubtful ſuppoſitions or bare hypo- 
theſes, but from real and ſenſible experiments. And therefore ſince we have clear and 
politive proofs of the preſſure of the air, though we could not explain how men and 
other animals are not deſtroyed by it; yet we ought rather to acknowledge our ignorance 
in a doubtful problem, than deny what experience manifeſts to be a truth; as is generally 
practiſed in treating of the attractive and other powers of the loadſtone, which are freely 
acknowledged, even by thoſe that confeſs themſelves unable to explicate them; though, 
if experience did not ſatisfy us of them, they were liable to divers more conſiderable 
objections than any that is urged againſt the preſſure of the air. | 

SECONDLY, but though it be not abſolutely neceſſary that we ſhould anſwer the above- 
recited objection otherwiſe, than by thus declaring that the ſpring of the air is not ro be 
rejected for it; yet we will endeavour very much to leſſen it, it not quite remove the 
diffculty, before we put an end to the diſcourſe. | 

J consipeR then, thirdly, that they that urge the lately mentioned objection againſt 
the great prefſure of the air, ſeem not to be aware that we were conceived and born in 
Places expoſed to the preſſure of the atmoſphere, and therefore how great ſoever that 
preſſure appeared to be, it ought not to cruſh us row, ſince when we were but embryos, 
or new. born babes, and conſequently very much more weak and tender than we now 


5 5 we were able to reſiſt it, and not only live, but grow in all dimenſions in ſpite 
_ 0! 1, 
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ſhewn, that the ſpring of highly dilated air did continue for many months, and a bladder 
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Ir there were any place about the moon, or ſome other of the celeſtial globes 


ſome learned men fancy to be inhabited, that has no atmoſphere or equivalent fluid about 
it, and where yet men cpuld be geperatefl a new, if one of thoſe men ſhpuld be ſuppoſe 


to be tranſported thence, and ſet down upon our earth, there might be made an ebe, 
ment fitted for our controverſy. In the mean time, I doubt, that ſince nature * af 
obſerved to make things ſuperfluouſly ſtrong, ſuch a human body being not made to reſp 
any weight or preſſure of air, would be of ſo tender and compreſſible a make, that i: 
would eaſily be cruſhed inwards by our atmoſpherical preſſure. And though we . 
give an inſtance of this kind, yet we make trials ſomewhat analogous to it in our pneu. 
matical engine. For when we place water in our receiver, and pump out the air tha 
was above it, there will be generated a multitude of bubbles, ſome of which, when the 
air is carefully withdrawn, will be of a ſtrange and ſcarce credible bigneſs; theſe bubbles 
being generated where the air cannot preſs upon them, theſe dimenſions are ſo natural to 
them, that if the receiver be ſuppoſed not to leak, nor other unfriendly accidents to 
intervene, they would (for aught we know) laſt a good while; ſince I have elſewhere 


would for no leſs time continue blown and filled in our vacuum by a little air that was left 
in it, when the ambient air began to be withdrawn from it. And yet the large bubbles 
above-mentioned, when once the outward air is ſuffered to come in upon them, are there- 
by ſo violently compreſſed, that in a trice they ſhrink isto dimenſions too ſmall to keep 
them ſo much as viſible; and if I could have ſucceeded in my attempt of producing 
ſuch living bodies as I endeavoured (but did not expect) in our vacuum, I ſuppoſe the 
ſucceſs would have confirmed what I have been ſaying. | 

FourTHLyY, but you will tell me, that fo great a weight and preſſure, as I aſſign the 
atmoſphere, muſt needs make a man feel pain, and, if not, otherwiſe diſlocate ſome of 
the parts, muſt, at leaſt, preſs the whole body inward. 

Bur, firſt, being accuſtomed to the preſſure from our very birth, and even before it, 
ſo early and long an accuſtomance hinders us from taking notice of it; thoſe preſſures 
only being ſenſible to us, that are made fo by fome addirional cauſe, which, by making 
a new impreſſion, excites us to take notice of it. So we are not ſenſible of the weight of 
the cloaths we are accuſtomed to wear; and fo a healthy man is not ſenſible of the heat 
in his heart, becauſe it is conſtant there, and the ſentient parts of the heart have been ſtil 
uſed to it, whereas that heat oftentimes has been very conſiderable ; and when in living 
diſſections a man puts his finger into the heart of an animal, which probably has i 
fainter, or at leaſt no ſtronger degree of heat than a human heart, he will feel in his fingers, 
accuſtomed to the air, a manifeſt degree of heat, if they be but in their uſual temper, 
2. I have elſewhere proved by experiments, that a cubick inch of air, for inſtance, has 
as ſtrong a ſpring, as ſuffices to enable it to reſiſt the weight of the whole atmoſphere, 
as far as it is expoſed thereunto; for elſe it would be more compreſſed than de fab i 
is. And, 3. I have alſo ſhewn, that a very little portion of air, though it will much 
ſooner loſe its ſpring by expanſion than a greater, yet it will reſiſt further compreſſion 4 
much as a greater. And, 4. I have alſo ſhewn, that in the pores of the parts of anima, 
whether fluid or conſiſtent, as in their blood, galls, urines, hearts, livers, &c. there 
are included a multitude of atrial corpuſcles, as may appear by the numerous bu 
afforded by ſuch liquors, and the ſwelling or expanſion of the conſiſtent parts in our er 
hauſted receiver. 45. To this we may add, that, beſides the bones, whoſe ſolidity 15 not 
queſtioned, a much greater part of the human body, than is wont to be imagined, dos 
really conſiſt of membranes and fibres, and the coalitions and contextures of theſe; 
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that theſe ſubſtances are, by the providence of the moſt wiſe Author of things, made of 
a much cloſer and ſtronger texture, than thoſe, that have not tried, will be apt to think; 
as I could make probable by the great force that bladders will endure, and the very great 
weight that tendons of no great thickneſs will lift up or ſuſtain, and by other things, that 
1 ſhall not now inſiſt on. Laſtly, there is a far greater difference than men are wont to 
ſuſpect, between the effects of the preſſures made upon bodies by incumbent, or other- 
wiſe applied ſolid weights, and thoſe that they ſuffer from heavy, but every way ambient 
Auids z as will appear by the experiments to be mentioned by and by. 

From the particulars contained in theſe conſiderations, we may be aſſiſted to ſhew, 
why it is not neceſſary, that the preſſure of the atmoſphere, though as gteat as we ſup- 
poſe it, ſhould oppreſs and cruſh the bodies of men, that live under it; for the ſolidity 
of the bones, and the ſtrong texture of the membranes and fibres, and the ſpiing of 
the atrial particles that abound in the ſofter, as well as in the fluid parts of bod ies, is 
equivalent to the preſſure of as much of the atmoſphere as can exerciſe its preſſure againſt 
them, and makes the frame of a human body ſo firm, that it may well reſiſt the preſ- 
ſure of the outward air, without having any part violently diflocated, whilſt the external 
preſſure is exerciſed but by the air, which being but an invironing fluid, prefles it 
equally (as to ſenſe) on every ſide. And becauſe our bodies have been produced in the 
atmoſphere, and from our very birth expoſed, without intermiſſion, to the preſſure of 
it; our continual accuſtomance to this preſſure, and the firmneſs of their ſtrufture, keep 
us from being ſenſible of the weight or preſſure. And that it was not impertinent for 
me to mention the firmneſs of the frame of our bodies on this occaſion, I ſhall manifeſt 
by an inſtance, that will upon another account alſo be proper for this piace. 

We know, that multitudes of men have had occalion to paſs over high mountains; 


and beſides, that I have been myſelf upon the Alps and Appennines, I have enquired of | 


travellers that have viſited the Aſian and American mountains, and ſome, that have been 


upon the top of the Pick of Tenerife itſelf; but though divers of them took notice of a 


great difference in the air at the top and bottom, as to ſome other quality, as col ineſs 
and thinneſs; yet I never met with, nor heard of any that took notice of a difference, as 


to the weight of air he ſuſtained, or that complained that when he was come down to 


the foot of the mountain, he felt any greater compreſſion from the air, than at the top. 
And yet the experiments made, as well by others as by ourſelves, ſufficiently witneſs, 
that on more elevated parts of the earth, which have a leſs height of the atmoſphere 
incumbent on them, the weight and preſſure of the air is not ſo great as below. And 
on very high mountains, it is not unlikely that this difference may be very conſiderable, 


lince, when the Torricellian experiment was made near Clermont in France, upon the 


Puy de Domme (which is none of the higheſt mountains in the world, being found, by 
the ingenious makers of that obſervation, to be but about 500 fathoms) they found the 
difference of the mercury, at the top and bottom, to amount to about three inches ; and 


conſequently, if the trial had been made with water inſtead of quickſilver, the difference 


would have been about three feet and a half in the perpendicular height of the water. 
And it is very probable, that in much higher mountains, the difference of the mercurial 
Cylinders height, at the top and bottom, may be much greater; and at the bottom of 


ſome very deep well or mineral groove, which may, without improbability, be tuppoied 
to be placed at, or near the foot of one of theſe mountains, if we conceive the baroſcope 
to be let down, the variation of the height of the mercurial cylinder may be yet much 
more conſiderable; and yet we find not, that the diggers in the deepeſt mines, in 


mountainous countries, are ſenſible of being leaned on or compreſſed by any unutual 
weight. But not here to build on any thing but matter of fact, it appears by the newly- 


named: 
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named obſervation, that, when a man was at the bottom of the hill, he had as much 


greater weight of air leaning upon his head, than he had at the top, as was equal to th 

height of an imaginary veſlel full of water, which having his head for baſis, were th a 
feet and a half high; which is ſo conſiderable a weight as could not but have been o 
only ſenſible, but very troubleſome and uneaſy to ſupport. And what has been ſaid a 
the gravity of a pail of water, that leaned on his head, may be proportionably applied to 
his ſhoulders, arms, &c. | | 

WN I think 1 may infer, that the reaſon why ſuch a weight was not felt by the 
man it compreſſed, was not, that the air that preſſed him, was not conſiderable, byt 
that the preſſure was exerciſed after the uniform manner of fluid bodies. 

AnD this may ſuffice to ſhew, that there is no neceſſity that the compreſſion of the 
atmoſphere ſhould make it impoſſible to live in it. But becauſe it is obſerved, that 
thoſe that dive to great depths under water, are not oppreſſed by the great weight of 
the incumbent water, and the cauſe of this ſtrange phenomenon is not ſo ealy to be 
aſſigned, and therefore has been made one of the two grand arguments whereon the 
non-gravitation of water in water, and air in air, has been, and ſtill remains founded: 1 
ſhall here offer ſomething ex abundanti towards the ſolution of that noble and difficult 
problem. ry 
a And, firſt, that what is obſerved by the divers does not evince that water does not 
weigh in water, I have elſewhere * proved by ſuch reaſons and experiments, as had the 
good fortune to convince eminently learned men, that were ſufficiently prepoſſeſſed with 
the vulgar opinion; and in the ſame treatiſe I have given a clear account, why a bucket 
full of water is not felt conſiderably heavy, whilſt it is under water, in compariſon of 
what it is whilſt it is drawn up into the air; which is the other phenomenon, that J 
freſhly intimated the common opinion to be founded on. | 

NexrT, I do not think it ſtrange, that that follows not, which it is objected ſhould 
follow from our hypotheſis; namely, that a diver ſhould be violently depreſſed to the 
bottom of the water, by the weight of ſo great a pillar of the ſea as is placed perpendi- 
cularly over his body. For if we imagine a plane fo to cut the ſea-water, as to pals by 
the diver's body; then as that part of the plane on which his body leans will be preſſed 
by it, together with the water that is perpendicularly incumbent on it; fo all the other 
parts of the ſame plane will be preſſed by equally tall. pillars of water perpendicularly 
incumbent on them; and conſequently, if the man's body were juſt equiponderant to an 


equal bulk of water, it and the water, that leans on it, would be ſuſtained by the preſ- 


ſure of the colliteral water incumbent on the other parts of the ſame plane (as may be 
eaſily underſtood by what I have elſewhere F ſaid). And therefore there is no reaſon 
why the divers bodies ſhould be more forcibly depreſſed than its depreſſion is reliſted, 
It is true, that this body will fink, but that is becauſe it is not only, as we lately ſup- 
poſed it, zquiponderant to an equal bulk of water, but heavier than that. But then, 
ſince the water, by its gravity and reſiſtance takes off as much of the weight of the 
diver's body, Whilſt that is immerſed, as a quantity of water equal to it would weigi 
in the air, the ſubſiding of the human body by its own weight ought to be but flow, 
becauſe that being not in ſpecie much heavier than water, it can ſink but by virtue of 
the ſurpluſage of weight that it has above water. And, in effect, I have been informed 
by ſwimmers, that in the ſea, whoſe water, by reaſon of the ſaltneſs, is ſpecifically bes- 
vier than the common water, they could hardly dive when they had a mind; the fal. 
water did ſo much ſupport them. And having, becauſe I had no conveniencies to make 


See the Hydroſtatical Paradoxes. + See Appendixes to the Hydroſtatical Paradoxes. | | 
| ; . - f (rials 
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: n the parts of human bodies examined the weight of parts of other animals 
ae — Lede I found the overplus of the weight of the animal ſubſtances above an 
—— bulk of water to be but very ſmall. And this may ſuffice to take off the wonder, 
os, though water may be admitted to gravitate in water, yet divers {are not depreſſed 


by that which leans upon them; the endeavour they uſe to keep themſelves from ſink- 


ing, by ſtriking the reſiſting water with their arms and legs, eaſily compenſating their 
weak tendency downwards, which the ſmall ſurpluſage of gravity above-mentioned gives 
* it ſeems to me far more difficult to render a reaſon, . why thoſe that are a hundred 
feet beneath the ſurface of the ſea, are not cruſhed inwards, eſpecially in their cheſts and 
abdomens, or at leaſt ſo compreſſed as to endure a very great pain. 

To clear up or leſſen this difficulty, I have two things to offer, | 

1. I coxr Ess, that I am not entirely ſatisfied about the matter of fact; for I do not 
yet know, whether it fares alike with the divers in all depths under water ; for, accord- 
ing to the anſwers I obtained from perſons, that had been, one of them art the coral-fiſh- 
ing in the Streights, and the other at the pearl-fiſhing near Manar, I do not find that 
the divers are wont to deſcend to the greateſt depths of the ſea, which if. they did, per- 
haps they would find a notable difference. 55 N 

Axp in ſmall, or but moderate depths, thoſe that dive without engines uſually make 
ſuch haſte, or are ſo confounded, or have their minds ſo intent upon their work, that 
they take not notice of ſuch leſſer alterations, as elſe they might obſerve, eſpecially they 
being perſons void. of curioſity and ſkill. to make ſuch obſervations. Which I the rather 
mention, becauſe having met with a learned phy ſician, that living by the ſea-ſide in a 


hot climate, delighted himſelf: much in diving; and enquiring of him, whether he felt 
no compreſſion, when he paſſed out of the air into the water, he anſwered me, that- 


when he dived nimbly as others uſe to do, he took not notice of it, but when he let him- 


ſelf fiok leiſurely into the water, he was ſenſible of an unuſual preſſure againſt his thorax, . 


which he ſeveral times obſerved. 


A Man that gets his living by fetching up goods out of wrecked ſhips, complained 


to me, that if with his diving-bell. he went very deep into the ſea, and made ſome ſtay 


there, he found himſelf much incommodated; which though he imputed to the coldnefs. 
of the water, yet by the ſymptoms he related, I was inclined to ſuſpect that the preſſure 


of it upon the genus nervoſum might have an intereſt in the troubleſome effect. And 


I have been aſſured by an eminent virtuoſo of my acquaintance, that he was lately in-- 
formed by a perſon, whoſe profeſſion it is to fetch up things from the bottom of the ſea. 


by the help of a diving-bell, that ſeveral times, when he deſcended to a great depth 


under the ſurface of the water, he was ſo ccmpreſſed by. it, that the blood was ſqueezed. 
Out at his noſe and eyes; which relation ſeems to favour our conjecture, and would 


much more confirm it, if I were ſure that the effect was no way cauſed by ſome fermen- 


tation or other commotion in the blood itſelf, occaſioned by the great denſity, or other 


alterations of the air he breathed in and out, or by ſome other operation of the ambient 
2 diſtinguiſhable from the compreſſion of the water, though perhaps conjoined 
with it, 

AND on this occaſion I remember, that queſtioning an engineer, who had made uſe 
of an engine to go under water, quite differing from the diving-bellz he anſwered me, 
that when he came to a conſiderable depth, he found the preſſure fo great againlt the 


leathern caſe, wherein he deſcended, and by that means againſt his belly and thorax, . 


that he feared it would have ſpoiled him, which forced him to make haſte up again. But 
Us obſervation, to have much built upon it, ſhould be further enquired into. 
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New Experiments about the 


Tatsx things, und not theſe only, make me wiſh that what is felt by thoſe tha 0 
to great depths, and ſtay at them, might be more heedfully obſerved by Intelligent 0 
that, being fully informed, what is true in point of fact, we may the better and mol 
cheerfully mdagate the reaſons: = 

In the mean while, taking things as they are thought to appear, 1 ſhall Propoſe tuo 
things towards the folutivn of our difficulty; namely, the firmneſs of the ſtructure of 
a human body, and the uniformity of the preſſure made by fluids. ak 

Or the firſt of theſe I ſhall add but little to what has been already ſaid, where I ſpoke 
of the reſiſtance made by our bodies to the compreſſion of the atmoſphere ; only ſhall 
here take notice, that whereas the membranes are very thin parts, and therefore ſeem 
unfit to make any great reſiſtance ; we have tried, that if a piece of fine bladder were 
faſtened to the orifice of a braſs-pipe, of about an inch in diameter, we could not, by 
drawing the air from beneath it, make the weight of the atmoſphere break the bladder 
though the weight were perhaps equivalent to an erected cylinder of water, of the wide. 
neſs of the orifice, and about thirty feet high, and were indeed ſuch, that divers men 
that laid their hands on the orifice, when the air was pumped out from beneath, com. 
3 that they were not able to lift off their hands again, till ſome of the air was fe- 
admitted. 

Bur the main thing I ſhall propoſe, towards the ſolving of the difficulty we are con- 
ſidering, is the uniformity wherewith fluid bodies preſs upon the ſolid ones that are placed 
in them. And becauſe I remember not to have met with experiments purpoſely made 


to ſhew, how this ſort of preſſure is more eaſy to be reſiſted than that of ſolids againſ 


folids, I ſhall ſubjoin the following trials, 


EXPERIMENT I. 


In the ſhort cylinder of braſs above-mentioned, we put a fine bladder tied fo cloſe at 
the neck, that none of the air (whereof it was about half full) could probably get out, 
Which we did, to the end that the hen-egg, we were to bed in it, might lie ſoft, and 
have its ſides almoſt covered with the limber and flaccid bladder and contained air; this 
done, we covered the remaining part of the egg with another bladder, that nothing that 
was hard might come to bear immediately upon the ſhell; then we put the wooden 
plug into the cylinder, and a weight upon the plug, which is to be done very ſlowly 
and warily, leſt the quick deſcent of the weight ſhould make the plug break the egg it 
leans on. Laſtly, the cylinder thus fitted, being covered with a large receiver, and the 


air being drawn out, that air, which was tied up in the bladders, by degrees expanded 


icſelf fo ſtrongly, as to lift up the plug and the incumbent weight to a pretty height, 
and keep it there, till the external air was re-admitted. | 

Now ſince it will be readily granted, and appears by divers experiments elſewhere 
related, that the air in ſuch caſes expands itſelf vigorouſly every way, it appears by the 
recited trial, that it preſſed againſt the egg with the ſame force that it preſſed proportion- 
ably againſt the bottom of the plug, and that force was more than ſufficient to lift up 
the weight, which (together with the plug) amounted to about thirty pounds, and yet 
the egg being taken out, appeared perfectly whole and no way harmed; whereas, upon 
the ſame egg, if I miſtake not, or at leaſt another of the ſame kind, laying warily a 
while after ſmall weights, one upon another, the egg was cruſhed to pieces by about four 
pounds weight. This experiment, though it ſeemed conſiderable to thoſe that ſaw it, 
and may prevent an objection, for which reaſon I here mention it; yet will appear = 
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way ſtrange to them, that conſider that the weight of the atmoſphere which the egg ſup- 

ted before it was put into the cylinder, was more than equivalent to ſuch a preſſure 
of the air, as may ſuffice to lift up the plug; wherefore I thought fit to make further 
trials of a differing nature. | | 


EXPERIMENT II. 


Ws took a glaſs-bubble of about an inch and half in diameter, which we cauſed to be 
blown at the flame of a lamp, that it might be far more thin and eaſy to break than 
the thinneſt phials that are wont to be blown in the glaſſer*s furnaces. This bubble 
we included between bladders, as we did the egg in the former experiment ; and then 
having warily put the plug into the cylinder, ſo as it might preſs upon the bladder that. 
invironed the glaſs, we leiſurely put the weights upon the plug, till they, together with 
the plug, amounted to thirty pounds or more, which being removed, the plug was 
taken out, and the glaſs-bubble, though it were extraordinarily thin, perhaps no thinner 
than fine white paper, was taken out whole. 


EXPERIMENT II. 


Bor leſt the great reſiſtance of ſo thin a glaſs, which yet was not hermetically ſealed, 
ſhould be aſcribed to the ſphericalneſs of its figure, we employed, inſtead of it, the ſhell 
of an egg, whence by a hole, made at one end of it, the yolk and white had been taken 
out. This empty and imperfectly cloſed ſhell we handled, as we did the glaſs-bubble in 
the former experiment; and, notwithſtanding the great leaden weight, that leaned by the 
intervention of the plug upon the ſoft body that environed it, it was taken out, not only 
uncruſhed together, but, for aught we could perceive, without the leaſt crack, 


EXPERIMENT IV. 


Axp to ſhew, that what we obſerved about the nature of the compreſſion of fluid bo- 
dies will hold as well in water as air, though it ſeemed difficult to make the trial with 
the accommodations we then had, we thought upon the following expedient. 

lx ro a limber bladder, almoſt full of water, we put a hen egg, and tying the neck 
very ſtrait, that nothing might get in or out, we ſo placed the bladder in the braſs 
cylinder, that the egg might not be immediately touched by any thing that was hard 
then putting the plug into the cylinder, we warily and leiſurely heaped upon it flat- 
bottomed weights of lead conveniently ſhaped, till they amounted (if both I and another 
milremember not) to about ſeventy-five pounds ; notwithſtanding all which, the egg was 
taken out ſound and uncracked; and probably might have ſupported a much greater 
preſſure, if we had been furniſhed with more weights of a commodious figure to heap 
upon it, 

Ir we compare with this what was noted at the cloſe of the firſt experiment, about 
the breaking of an egg with four pounds weight, When no fluid body was interpoſed, 
it will be obvious to conclude how great a difference there is between the reſiſtance 
that a body may make to the preſſure of folid bodies, that bear hard againſt ſome parts, 
and not againſt others; and its reſiſtance to others that compreſs it uniformly, or in all 
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places alike. For though it be denied, and that, I think, upon very inſufficient ground 
that bodies under water are preſſed by the incumbent water, becauſe, as it is pretendeq 
the elements gravitate not in their proper place; yet this objection cannot be Pretend] 
to take place in our laſt experiment, where the main thing that leaned upon the water 
which ſurrounded the egg, being not a pillar of homogeneous water, but a great and 
ſolid weight of lead, the included egg mult, by the intervention of the water, have 
been compreſſed. Nor were eggs the only bodies we endeavoured to cruſh aſter this 
manner, the trial having been alio made upon a ſubſtance more ſoft, and of a ver 
gular ſhape. 

To apply this now to divers, when they are at a moderate depth under water, ir 
ſeems not improbable that the ſtructure of their bodies ſhould be robuſt enough, nat to 
be violated by the preſſure of the incumbent, and otherwiſe ambient water. Por we 
have ſeen by the former experiment, and eſpecially by the Jaft recited, that a body, ea 
to be broken inwards by an incumbent folid weight, will remain entire and unaltered, in 
point of figute, under a very much greater weight, that compreſſes it after the marner 
of an ambient fluid. And though it would ſeem to many, that even in our ſuppoſition, 
the thorax being, as they think it, a kind of empty ſpace in the body, the ribs and 
mulcles ought, by the weight of the water, to be cruſhed into the great cavity inter- 
cepted between them; yet it is to be conſidered on the other ſide, that the air contained 
in the cheſt, eſpecially when its ſpring is increaſed by thoſe accidental* cauſes that may 
take place, when men are deep under water, particularly the preternatural heat, which 
the want of the uſual reſpiration is apt to produce, will very much help the cheſt to reſiſt 
the preſſure, as they will eaſily grant, that have tried the reſiſtance that air makes, to 
be conſiderably compreſſed under water, the difficulty of farther comprefling it ſtill 
encreaſing, as in ſprings it ought to do, the more it is compreſſed. And I further ob- 
ſerve, that the ſtructure of the thorax is much more firm than men are wont to ſuppoſe; 
as appears by the very great ſolid weights that ſome men do, for gain, or to ſhew their 
ſtrength, ſuffer to be laid on their breaſts, without receiving any miſchief thereby. And 


7 I le- 


tf I ſhould admit, that at great depths the water had ſome little compreſſive operation 


upon the cheſt ; yet that can be no other than the preſſing the parts a little inwards, and 
that the ſtructure of the thorax itſelf, fitted by nature for conſtriction and dilatation (as 
may appear in vehement takings in and blowings out of the air) may admit with ſcal 
inconvenience. To which purpole I recal to mind, what I. lately mentioned concerning 
the phyſician that found his thorax ſomewhat compreſſed when he leiſurely dived; as 
alſo what I have * elſewhere delivered concerning a tad-pole, which ſwimming in water, 
that was ſtrongly compreſſed by an external force, ſeemed, thorough the glaſs that con- 
tained the water, to be ſomewhat leſſened in bulk, and yet not killed, nor fenliviy 
cruſhed, notwithſtanding its great tenderneſs. And if there were parts of a human bocy 
that were of a texture too weak, and too diſproportionate to the reſt, I think it poliible, 
that this compreſſion inwards might be great enough to be very ſenſible to the divers, 
For having purpoſely enquired of a certain man, whoſe trade it was to fetch up goods 
out of ſhips caſt away, by the help of a diving inſtrument, he told me, that when he 


was at a conſiderable depth under water, as abou ten or twelve fathoms, he found, ſult 
| ably to my conjecture, ſo great a preſſure againſt the drums or thin membranes of his 


ears, which were not ſufficiently counterpreſſed from within, as put him to a great * 
of pain, till he had found ſome contrivances to leſſen the inconvenience. Nor was tus 


man the only d.vcr that has complaincd of this troubleſome preſſure, which ſeems to 


* In the Appendi Hydroſt. Paradox. 
In the Appendix to Hydroſt. Paradox _ 
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argue, that, at leaſt at great depths under water, the firmneſs of the ſtructure of a man's 


body does concur with the uniformity of the fluid's preſſure, to keep him from being 


hurt by the incumbent, and otherwiſe ambient air. 

Bur I ſhall now ſay no more of the problem about divers, ſince (befides that the mat- 
ter of fact is not yet, in my opinion, accurately enough ſtated and determined) the true 
ſolution of it is not neceſſary-to give a reaſon, why the weight of the air, a fluid ſo much 
liohter than water, ſhould not oppreſs nor cruſh the bodies of animals; though what has 
been already ſaid, about the reſiſtance of bodies under water, may ſerve very much to 
confirm the reaſons I propoſed, why we that live in the atmoſphere are not ſenſibly com- 


prefſed, much leſs oppreſſed by its weight, 
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Firſt publiſhed in the Ph;lo/ophical Tranſactions, Ne 89, p. 5108, 
| for December 16, 1672. 


ESTERDAY, when I was about to go to bed, an amanuenſis of mine, accuſ- 
tomed to make obſervations, informed me, that one of the ſervants of the houſe, 
going upon ſome occaſion into the larder, was frighted by ſamething of luminous, that 
tne ſaw (notwithſtanding the darkneſs of the place) where the meat had been hung u 
before. Whereupon, ſuſpending for a while my going to reſt, I preſently ſent for the 
meat into my chamber, and cauſed it to be placed in a corner of the room capable of 
being made conſiderably dark, and then I plainly ſaw, both with wonder and delight, 
that the joint of meat did, in divers places, ſhine like rotten wood or ſtinking fiſh , 
which was ſo uncommon a ſight, that I had preſently thoughts of inviting you to be a 
ſharer in the pleaſure of it. But the late hour of the night did not only make me fear 
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to give you too unſeaſonable a trouble, but being joined with a great cold I had 
that day by making trial of a new teleſcope, you ſaw, in a windy place, I durſt * 
up long enough to make all the trials that I thought of, and judged the occaſion wo. 
of. But yet, becauſe I effectually reſolved to employ the little time I had to ſpare 1 
making ſuch obſervations and trials as the accommodations I could procure at ib ion. 
venient an hour would enable me, I ſhall here give you a brief account of the chief 
circumſtances and phenomena that I had opportunity to take notice of. | 

1. Tarn I muſt tell you, that the ſubject we diſcourſe of was a neck of yy; 
which; as I learned by enquiry, had been bought of a country-butcher on the Tueſda 

receding. | : 

6 2. In this one piece of meat I reckoned diſtinctly above twenty ſeveral places, that 
2 all of them ſhine, though not all of them alike, ſome of them doing it but very 
aintly. 5 

2. Tnx bigneſs of theſe lueid parts was differing enough, ſome of them being asbig 


as the nail of a man's middle finger, ſome few bigger, and moſt of them leſs. Nor 


were their figures. at all more uniform, ſome being inclined to a round, others almoſt 
oval, but the greateſt part of them very irregularly ſhaped. 

4. Tux parts that ſhone moſt, which it was not ſo eaſy to determine in the dark, were 
ſome griſsly or ſoft parts of the bones, where the butcher's cleaver had paſſed ;. but theſe. 
were not the only parts that were luminous; for by drawing to and fro the medulla (pi. 
nalis, we found that a part of that alſo did not ſhine ill; and I perceived one place in 


a tendon to afford ſome light; and laſtly, three or four ſpots in the fleſhy parts, at a good: 


diſtance from the bones, were plainly diſcovered by their own light, though that were 
fainter than in the parts above-mentioned. | 

5. Wren all thele lucid parts were ſurveyed together, they made a very ſplendd 
ſhew ; but it was not ſo eaſy, becauſe of the moiſtneis and groſſneſs of the lump of mat- 
ter, to examine the degree of their luminouſneſs, as it is to eſtimate that of glow-worms, 
which being ſmall and dry bodies, may be conveniently laid in a book, and made to 


move from one letter or word to another. But by good fortune, having by me the 


curious tranſactions of this month, I was able ſo to apply that flexible paper to ſome of 
the more reſplendent ſpots, that. I could plainly read divers cooſecutive letters of tle 
title. 

6. Taz colour that accompanied the light was not in all the ſame, but in thoſe which, 
ſhone livelieſt, it ſeemed to have ſuch a fine-greeniſh blue, as J have divers times obſcrvsd 

7. Bur notwithſtanding the vividneſs of this light, I could not, by the touch, diſcern 
the leaſt degree of heat in the parts whence it proceeded ; and having put ſome marks on. 
one or two of the more ſhining places, that I might know them-again, when brought to 
the light, I applied a ſealed weatber-glaſs, furniſhed with tinted ſpirit of wine, for 4 
pretty while, and could not fatisfy myſelf, that the ſhining parts did at all ſenſibly warm 
the liquor; but the thermoſcope, though good in its kind, being not fitted for ſuch nice 
experiments, 1 did not build much upon that trial. | | LE 

8. NoTwITHSTANDING the great number of lucid parts in this neck of veal, yet ne 
ther I, nor any of thoſe that were about me, could perceive, by the ſmell, the lealt 
degree of ſtink, whence to infer any putrefaction; the meat being judged very freſh 
and well-conditioned, and fit to be dreſſed. 


9. Tux floor of the larder, where this meat was kept, is almoſt a ſtory lower than 


the level of the ſtreet, and it is divided from the kitchen but by a partition of boards, 
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- furniſhed but with one window, which is not great, and looks towards the ſtreet, whick 
liess northward from it. $235 Dat | | 

io. Tux wind, as far as we could obſerve it, was then at ſouth-weſt, and bluſtering 
enough. The air by the ſealed thermoſcope appeared hot for the ſeaſon. The moon 
was paſſec ics laſt quarter. The mercury in the barometer ſtood at 2975 inches. 

11. We cut off with a knife one of the luminous parts, which proved to be a tender 
bone, and being of about the thickneſs of a half crown piece, appeared to ſhine on both 
ſides, though not equally ; and that part of the bone, whence this had been cut off, 
continued joined to the reſt of the neck of veal, and was ſeen to ſhine, but nothing near 
ſo vividly as the part we had taken off did before. | 

12. To try, whether I could obtain any juice or moiſt fubſtance from this, as I have 
ſeveral times done from the tails of glow-worms ; I rubbed ſome of the ſofter and more 
Jucid parts (which I cauſed to be purpoſely cut off) as dexterouſly as I could, upon my 
hand, but I did not at all perceive any luminous moiſture was thereby imparted ; though. 
the fleſh ſeemed, by that operation, to have loſt ſome of its light. 

13. | causED allo a piece of ſhining fleſh to be compreſſed betwixt two pieces of 
glaſs, to try how well the contexture of it would reſiſt that external force; but I did 
not find! the light to be thereby. extinguiſhed during the ſhort time I could allot to the 
experiment. 

15 BU ſuppoſing, that high re@ified ſpirit of wine might ſo alter the contexture of 
the body it permeated, as to deſtroy its faculty of ſhining, I put a luminous piece of veal 
into a cryſtalline phial, and pouring on it a little pure ſpirit of wine, that would have 
burned all away, after I. had. ſhaken them together, I laid by the glaſs, and in about a 
quarter of n hour, or leſs, I found that the light was vaniſhed. 

. Bur water would not ſo eaſily quench our ſeeming fires; for having put one of 
them into a China cup, and almoſt filed it with cold water, the light did not only ap- 
pear, perhaps undiminiſhed, through that liquor, but above an hour after was vigorous 
though not to-be celipſed, by. being looked upon:at no great diſtance: from a burnin 
candle, chat Was none of the ſmalleſt; and probably the light would have been ſeen 
much longer if we could have afforded to watch out its duration. 

16, WHiLsT theſe things were doing, I cauſed the pneumatical engine to be prepared 
in 2 ron without fire (that the experiment might be tried in a greater degree of dark- 
nis); and having conveyed one of the largeſt luminous pieces into a ſmall receiver, we 
cauſed the candles to be put out, and the pump to be plied in the dark; but the dimi- 
nution of light, after the pump ſeemed to have been employed for a competent while, 
appeared ſo inconſiderable (whether becauſe our eyes had leiſure to be fitted to that 
dark place, or for what. other cauſe ſoever) that I began to ſuſpect that the inſtrument 
having been managed in the dark, had leaked all the while. Wherefore cauſing the 
ligii's to be brought in, and a mercurial gage to be put into the receiver, when we were 
lure that this glais was well cemented on to the engine, the candles being removed, 
the pump was ſet a- work again; and then opening my.eyes, which I had kept cloſed 
againlt the light of the candles, I could perceive, upon the gradual withdrawing of the 
ar, a diſcernible and gradual leſſening of the light, which yet was never brought quite 
to diſappear (as I long ſince told you, the light of rotten wood and glow-worms had 
done) or to. be fo near vaniſhing as one would have expected; though, upon the 
bringing in of the candles again, it appeared by the gage, that the pump had been 
diligently applied, But the room being once again darkened; by the haſty increaſe of 
light that had diſcloſed itſelf in the veal,, upon this letting in of the air to the exhauſted 
receiver, it appeared more manifeſtly than before, that the decrement, though but Nowly 
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made, had been conſiderable. This trial we once more repeated with a not unlike f 
cels; which, though it convinced us, that the luminous matter of our included boy, 
was more vigorous, or tenacious than that of moſt other ſhining bodies, yet it let. 
us ſome doubts that the light would have been much more impaired, if not Quite m N 
to vaniſh, if the ſubject of it could have been kept long enough in our exhauſted revel ; 
but the unſcaſonable time of the night reducing me at length to go to bed, I could 1. | 
{tay to proſecute this, or any other trial. p 1 

17. Ox, whilſt I was undrefling, this further obſervation occurred, that ſuppoſin 
there might be, in the ſame larder, more joints of the ſame veal than one, ennobled 
with this ſhining faculty, it was found, that a leg of veal, which was cauſed to he 
brought into my chamber, had fone ſhining places in it; though they were but ve 
few, and faint, in compariſon of thoſe that were conſpicuous in the above mentioned 
neck. 

18. Wrar further phznomena this morning might have afforded me, I cannot tel 
having been haſtily called up, before day, for a niece, that I am very juſtly, and 8. 
ceedingly concerned for; who was thought to be upon the point of death, and wboſe 
almoſt gaſping condition had too much affected and employed me, to leave me any time 
for philoſophical entertainments, that require a calm, if not a pleaſed mind, Only tb 
I took notice of, becauſe the obſervation couid not coſt me a minute of an hour, that 
whilſt they were bringing me candles for to rife by, I looked upon a clean phial, tha 
J had laid upon the bed by me, after a piece of our luminous veal had been included 
in it, and found it to ſhine vividly at that time, which was between four and five of th: 
clock this morning; ſince when I have made no one obſervation or trial. 


EK 


19. NE AR two days after I had made the fore- mentioned obſervations, thoſe hom 
ſymproms of my niecc's dilcaſe, that had fo much alarmed the phyſicians, and me, 
being, through God's goodneſs, conſiderably abated, I began to reſume the thoughts of 
our ſhining veal ; and though having, in the hurry I was in, forgotten to take any order 
about it, I found it was already difpoſ:d of; yet the piece I lately mentioned to have 
been included in a phial, being preſerved in it, I looked upon it the third day (inclulively) 
after we had firſt obſerved the meat it was cut off from to be luminous; and I found it 
to ſhine in the dark as vigorouſly as ever. The fourth day its light was alſo conſpicuous; 
fo that I was able, in a dark corner of the room, to ſhew it, even in the day-time, to 
three or four very ingenious phyſicians, all of them, ſave one, members of the Royil 
Society; and, I preſume, I need not remind you, that the following night, I invited 
you to be a ſpectator of it, though before that time the light had begun to decay, and 
the offenſive ſmell to grow ſomewhat ſtrong : which ſeems to argue, that the diſpoliton, 
upon whoſe account our veal was luminous, may very well conſiſt both with its being, 
and not being in a ſtate of putrefaction, and conſequently is net likely to be derived 
merely from the one, or the other. The fifth day, in the morning, looking upon |! 
when I awaked, and before the curtains were opened, it ſeemed to ſhine better, than it 
had done the day preceding. The ſame night alſo, it was manifeſt enough, though 
not vivid, in the dark. When I awaked the ſixth day in the morning; after the fun 
was riſen, I could, within the curtains, perceive a glimmering light. But the ſevent 
day, which was yeſterday, I could not, late at night, diſcern any light at all. * 
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You ſaw too much in what a condition I was, when you did me the favour to viſit 
me, to expect that I ſhould preſume to entertain you with any ſpeculations about the 
cauſe of theſe unuſual apparitions of light. It is true indeed, that in ſome notes for- 
merly mentioned to you, I endeavoured to make it probable, that whether light depend 
upon a particular kind of impulle, propagated through a tranſparent meclium, or upon 
a diffuſion of extremely little parts from the luminous body, or upon the ction of ſome 
other corporeal agent; whatever the efficient be, the effect is produced in a mechanical 
way. But though I had theſe papers by me, yet, to determire what peculiar kind of 
motions or other operations nature really employed in the production of a light, which 
ſeemed not clearly, by what I ſhall prelently note, referable cither to the particular and 
ſettled conſtitution of the animals, whoſe fleſh ſhined (as in our giow-worms, and ſome 
American flies) or to that inteſtine and unuſuel motion of the parts that cauſes or accom- 
panies putretaEtion in rotten wood, or fiſhes ; ſince, upon the fir {ſt and livelieſt apptar- 
ance of the light, there was not any (at leaſt that could be taken notice of by the ſenſes); 
to determine this, I ſay, it ſeemed to me fo difficult a taſk, that I ſhall willingly leave 
the ſolution of ſuch abſtruſe phenomena, as ſome of ours, unattempted z eſpecially ſince 
I may, God permitting, make an hiſtorical mention of them the day after to-morrow, at 
the meeting of the Royal Society; where, I doubt nct, much more, and more to the 
purpoſe, will be ſaid, and conſidered, than I have vanity to think myſelf capable ot 
offering. Only, for the prevention of ſome needleſs conj Etures, to which, without this 
previous advertiſement, one might upon plauſible grounds indulge, I ſhall, in the mean 
while add, and conclude with one obſervation more, which may poſſibly take off our 
thoughts from ſtriving to deduce the ſhining of our veal from the peculiar nouriſhment, 
or conſtitution, or properties, of that individual calf, whofe fleſh, &c. was luminous. 
For, having ſeveral nights ſent purpoſely into the larder, to obſerve, whether any veal, 
ſince brought thither, or any other meat, did afford any light, a negative anſwer was 
always brought me back; ſave at one time, which happened to be within leſs then forty- 
eight hours of that, at which the luminouſneſs of the veal had been firſt taken notice of; 
for at this time there was, in the ſame larder, a con{picuous light ſeen in a puller that 
hung up there, which having cauſed to be brought up into a darkened place in my cham- 
ber, in the night-time, I perceived four or five luminous places; which were not indeed 
near ſo large as thoſe of the veal, but were little leſs vivid than they. All of theſe I took 


notice to be either upon, or near the rump ; and that which appeared moſt like a ſpark 


of fire, ſhone at the very tip of that part, Yet was not this fowl mortiſied, nor at all 
ill ſcented, but ſo freſh, that the next day I found it very good meat. But whether this 
may reaſonably lead to a ſuſpicion, that the peculiar conſtitution of the air in that Jarder, 
and at that time, may as well deſerve to be taken into conſideration, as the peculiar nature 
of the animals, whoſe fleſh did ſhine, is a queſtion, that I, who have ſcarce time to name 
it, mult not preſume to do any more than name, And therefore, as ſoon as I have 
begged your pardon for this tedious though haſty ſcribble, I ſhall, without ceremony, 
lubleribe mylelf, &c. | | | 
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An Effect of the varying Weight of the Armosenzre upon ſome 
Bodies in the Water; ſuggeſting a Conjecture, that the very 
Alterations of the Air, in point of Weight, may have conſi- 
derable Operations, even upon Men's Sickneſs or Health. 


Firſt publiſhed in the Phi/o/ophical Tranſactioms, Ne gx. p. 5156, 
tor February 24, 1672-3. 


HOUG H many things have, by ingenious men, been already obſerved, as to 

the power and operations of the atmoſpheres weight upon liquors that are expoſed 
to it in Torricellian tubes, or other veſſels, cloſed at one end, and near the top, either 
empty or unfilled with any viſible body ; yet men ſeem not to have much enquired what 
effects the very variation of this weight of the atmoſphere may have on the liquors which 
it preſſes, in other veſlels than ſuch as baroſcopes and pumps. 
ber, how much of air appears by our engine to be inviſibly harboured in the pores, not 
only of water, but of the blood, ſerum, urine, gall, and other juices of the human 
body; and that (as I have elſewhere experimentally ſhewn) the preſſure of the atmoſphere, 
and the ſpring of the air, work upon liquors, and on bodies immerſed in thoſe liquors, 
as well as upon ſolid ones, immediately expoſed to the air, I am prone to ſuſpect that 
the very alterations of the atmoſphere, in point of weight, may, in ſome caſes, have ſome 
not contemptible operations, even upon men's ſickneſs or health; as when the ambient 


wont to be, the ſpirituous and aerial particles that are plentifully harboured in the maſs of 
blood, will naturally ſwell that liquor, and ſo may diſtend the greater veſſels, and not a 
little after the celerity and manner of the circulation of the blood by the capillary arteries 
and veins. By which alteration, that divers changes may happen in the body, will not 


ſeem improbable to thoſe that know in general, how important a thing the manner : 
the 
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dreulation of the blood may be there, though, as to its particular effects, I leave 
of to the ſpeculation of phyſicians; and ſhall only add, that to keep this conjecture 
= mine (for 1 propoſe it as no other) from ſeeming as groundleſs as extravagant, I will 


annex an experiment, that you will not perhaps diſlike, juſt as I find it regiſtered among | 


f my looie papers. | 
9 1 to 23 at the flame of a lamp, three ſmall round glaſs bubbles, about 


the bigneſs of hazel nuts, and furniſhed each of them with a ſhort and ſlender ſtem, by 
| whoſe means they were ſo nicely poiſed in water, that a very ſmall change of weight 
would make them either emerge, if they but lightly leaned on the bottom of the veſſel, 
or fink, if they floated on the top of the water, 7 PE | 
Tuts being done at a time, when the atmoſphere was of a convenient weight (and 
ſach a ſeaſon is not ordinarily difficult to be choſen within ſome reaſonable time, to him 
that wants neither at:ention nor a good baroſcope) I put them in a wide-mouthed glaſs, 
furniſhed with common water, and leaving them in a quiet place, where yet they were 
| frequently in my eye, and were ſuffered to continue many weeks, or ſome months, I 
obſerved, as 1 expected, that ſometimes they would be at the top of the water, and 
remain there for divers days, or perhaps weeks; and ſometimes would fall to the bottom, 
and after having continued there for ſome time, longer or ſhorter, they would again 
emerge, And though ſometimes, eſpecially if I removed the veſſel that contained them 
to a ſouthern window, they would riſe to the top, or fall to the bottom of the water, 
according as the air was hot or cold; yet it was not difficult to diſtinguiſh theſe motions 
from thoſe produced by the varying gravity of the atmoſphere. For when the beams 
of the ſun, or heat of the ambient air, by rarefying the air included in the bubbles, made 
that air drive out ſome of the water, and conſequently made the whole bubble, conſiſting 
of gla's, air, and water, ſomewhat lighter than a bulk of water equal to it, though the 
bubble did neceſſarily ſwim as long as the included air was thus rarefied, yet when the 
abſence of the ſan, or any other cauſe, made the air loſe its adventitious warmth, there 
would enſue a condenſation of the air again, and thereupon an intruſion of more water 
(to ſucceed the air) into the glaſs, and conſequently a ſinking of the bubble; and this 
would commonly happen at night, if it did not happen ſooner. But when it was upon 
the account of the varying weight of the atmoſphere that the bubbles either roſe or tell, 
it appeared by the baroſcope, that the atmoiphere was ſo heavy, or ſo light, that they 


ought to do fo, Inſomuch, that I divers times predicted, whether 1 mould find the 


mercury in the baroſcope high or low, by obſerving the ſituation and poſture of the 
bubbles; and conſulting that inſtrument, it verified my conjectures. And though, 
whillt the atmoſphere was not too conſiderably either light or heavy, the changes of the 
ar, as to heat or cold, would, as I was ſaying, place the bubbles ſometimes at the top, 
and ſometimes at the bottom of the water, within the compals of a day; yer, if the 
atmoſphere were either very heavy, or very light, the bubbles would continue at the 
bottom, or at the top of the water for many days together, in caſe the atmoſphere id 


lake, when the quickſilver was high in the baroſcope, put the glaſs two or three days 
in a ſouth window about noon, and for a good while after, and that in ſun-ſhining wea- 
ther ; and yet even then the bubbles did not emerge, though it appeared by a good 
ſealed weather-glaſs, which 1 kept in the ſame window, that the ambient air was much 
warmer than at other times, when I had obſerved the bubbles to keep at the top of the 
water, | | | 

N. B. 1. Ir being very difficult to poiſe ſeveral bubbles preciſely, as well one as ano- 
ther, I thought it not ſtrange, that all the three bubbles did not conſtantly (though for 

Vor. III. 40 | the 
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| Not in all that time change its gravity. And I remember, that I did, for curicfity's 
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A New Experiment, &c, 


the mdſt part they did) riſe and fall together ; but ſometimes two of them, 


| and n 
then, though ſeldom, one alone would ſink or emerge, when the change of heel 


of the atmoſphere was not conſiderable enough to operate ſenſibly upon the reſt , 4 
ſuch inſtances, I have had opportunity to obſerve one or two within theſe laf thre 
days; and therefore it is not amiſs to poiſe a greater number of bubbles together tha 
alter trial made of all, the fitteſt may be cholen. Which advertiſement will appear n 
more proper, becauſe of what is to be added in the following note, ; 

2. I Have obſerved it ſometimes to happen, that a bubble that floated when | Was 
firſt poiſed, would, after a while, ſubſide without any manifeſt cauſe; or if it ven 
made to (ink by fuch a cauſe, it would continue at the bottom of the water, though thy 
cauſe were removed z which difficult phænomenon ſeeming to depend upon a king (f 


imbibition made of certain particles of an aerial nature, by the water, the conſideration gf 


it belongs to another place, not to this; where it may ſuffice, that the experiment di 


ſometimes actually anſwer expectation, as that above-related did; wherein my main gif 
is ty ſhew, that ſince, as the atmoſphere was heavier or lighter, it is capable to work 
upon bodies under water, ſo as to procure their ſinking, or their emerſion ; the ar, 
though a fluid a thouſand times lighter, muſt lean or preſs upon the water itſelf, by 
whole intervention it produces theſe effects; which confirms what I elſewhere teach, tha 
the atmoſphere is incumbent, as a heavy body, upon the terraqueous globe, 

3. Bes1Dts the other circumſtances, upon whoſe account this experiment may fail a 
ſucceſs, the ſeaſon of the year, wherein it is tried, may, for aught I know, be conſice. 
rable. For which reaſon I ſhall here add this advertiſement, that I chooſe, but do ng 
confine myſelf, to make my trials about the beginning of the ſpring, as a time wherein 
notable alterations of the air, as well to weight as to other things, are the likclieſt to be 
frequent, | 
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An ADVERTISEMENT to the READER.- 


T is hoped the reader will not think it ſtrange, not to meet with, in the following 
papers, a more cloſe and uniform contexture of the paſſages that make them up, if 
he be ſeaſonably informed of the riſe and occaſion of penning them, which was this. 
The author having many years ago written an eſſay about an experiment he made of 
nitre, by whole phænomena he endeavoured to exemplify ſome parts of the corpuſcular 
philoſophy, eſpecially the production of qualities; he afterwards threw together divers 
occurring thoughts and experiments, which he ſuppoſed might be employed by way of 


notes, to prove or illuſtrate thoſe doctrines, and eſpecially thoſe that concerned the qua- 


lities of bodies; and among theſe, obſerving thoſe that are called occult, to be ſubjects 
40 2 uncuitivated 
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becauſe the notes concerning the poroſity of greater bodies, and the figurations of minute 


* 'S 


An ADVERTISEMENT # tbe READER 


uncultivated enough (at leaſt, in the way that ſeemed to him proper) he Propoſed ty 
handle them more largely than moſt of the reſt ; and in order to that deſign he Judges 
it almoſt neceſſary to premiſe ſome conſiderations and experimental collections about the 
nature and power of effluviums, about the pores of bodies and figures of corpuſ 

and about the efficacy of ſuch local motions as are wont either to be judged yery fin, 
or to be paſſed by unheeded. For he had often looked upon theſe three doctinez of 
effluvia, of pores and figures, and of unheeded motions, as the three principal keys to 
the philoſophy of occult qualities. But having hereupon made ſuch collections, a8 Upon 
review appeared too large to paſs for notes on ſo ſhort a text, he was induced to dray 
them “ into the form (they now appear in) of eſſays; but he would not put himſelf to 
the trouble of doing it, with care to keep them from retaining much of their firſt want 
of exact method and connexion. Nor was the author ſolicitous to finiſh them u „in 
regard that his other ſtudies and occaſions made him perceive, that in what he had de- 
ſigned about occult qualities, he had cut himſelf out more work, than probably he ſhould, 
during many years, have opportunity to ſet upon in earneſt, and complete. And in tis 
condition theſe papers lay for divers years (as is well known to ſeveral that ſaw them, or 
even tranſcribed ſome of them) and might have continued to do fo, if the author had 
not been induced to let them come abroad, partly by conſidering, that though the ſub- 
jects (however he handled them) were as well important as curious, yet he did not find 
himſelf prevented by others in what he had to publiſh about them; and partly by the 
references he had made to them in ſome other papers, that he had promiſed his 
friends, wherein ſeveral things here delivered are vouched, and others ſuppoſed. And 


particles, together with the paper about unregarded motions, having been long laid aſide 
among other neglected papers, were ſome of them miſſing, and others ſo miſuſed, that 
they could not eaſily be made ready to accompany thoſe that now come abroad; the au- 
thor, that he might keep this book from having its dimenſions too diſproportionate, wa 
content to add to the thickneſs of it, by ſubjoining one of thoſe little tracts, that lay by 
him, concerning flame, becauſe of the affinity betwixt the preceding doctrine about efflu- 
viums in general, and experiments that ſhew, in particular, the ſubtilty and efficacy df 
thoſe of fire and flame. And though to that tract itſelf there belong another, deſigned 
to examine, whether the matter of what we call the ſun-beams, may be brought to be 
ponderable ; yet ſuppoſing this hitherto cold and wet ſummer to be like to be as unfriendly. 
to the trials to be made with burning-glaſſes, as of late years ſome other ſummers have 
proved, he was ealily prevailed with, not to make thoſe experiments- that were ready 
wait any longer for thoſe that probably will not in a ſhort time be ſo; eſpecially ſince 
thoſe that now come abroad, have no dependency upon the others. 


And ſome that were publiſhed anno 1669, under the title of the Atmeoſpheres of Copſiſtent Bodies 


Of 
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HET HE R ve ſuppoſe, with the ancient and modern atomiſts, that all ſen- 
ſible bodies are made up of corpuſcles, not only inſenſible, but indiviſible ; or 
whether we think with the Carteſians, and (as many of that party teach us) with Ariſtotle, 
that matter, like quantity, is indefinitely, if not infinitely diviſible; it will be conſonant 
enough to either doctrine, that the effluvia of bodies may conſiſt of particles extremely 
ſmall. For if we embrace the opinion of Aristotle, or Des Cartes, there is no ſtop to 
be put to the ſubdiviſion of matter into fragments ſtill leſſer and leſſer. And though the 
Epicurean hypotheſis admit not of ſuch an interminate diviſion of matter, but will have 
it ſtop at certain ſolid corpuſcles, which, for their not being further diviſible, are called 
atoms, 470.0: 3 yet the aſſertors of theſe do juſtly think themſelves injured, when they 
are charged with taking the motes, or ſmall duſt, that fly up and down in the ſun- beams, 
for their atoms; ſince, according to theſe philoſophers, one of thoſe little grains of duſt, 
that is viſible only when it plays in the ſun-beams, may be compoſed of a multitude of 
atoms, and exceed many thouſands of them in bulk. This the learned Gaſſendus, in his 
notes on Diogenes Laertius, makes probable by the inſtance of a ſmall mite, . which, . 
though ſcarce diſtinctly diſcernible by the naked eye, unleſs when it is in motion, does 
yet, in a good microſcope, appear to be a complete animal, furniſhed with all neccflary 
parts; which I can eaſily allow, having often in cheeſe-mites very diſtinctly ſeen the hair 
growing upon their legs. And to the former inſtance I might add, what I have cſie- 
where told you of, a ſort of animals far leſſer than cheeſe-mites themſelves, namely thoſe 
that may be oftentimes ſeen in vinegar. But what has been already ſaid may ſuffice for 
my preſent purpoſe, which is only to ſhew that the wonderſul minuteneſs I ſhall here- - 
alter aſcribe to effluvia, is not inconſiſtent with the moſt received theories of naturaliſts. . 
For otherwiſe, in this eſſay, the proofs I mean to employ, mult be taken, not à priori, 
but 2 poſteriori, And the experiments and obſervations 1 ſhall employ on this occalion,, , 
will be chiefly thoſe that are referrible to one of the following heads. 

1, Tre ſtrange extenſibility of ſome bodies, whilſt their paits yet remain tangible. 

2. Tax multitude of viſible corpuſcles that may be afforded by a ſmall portion off. 
matter. | 
i. 3» THE ſmallneſs of the potts, at which the effluvia of ſame bodies will get in. 
4. Tas. 
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Of the flrange Subtilty of Efiuviums. 


4. Tux ſmall decrement of bulk, or weight, that a body. may ſuffer by putting with 
great ſtore of effluvia. 


5. Tae great quantity of ſpace that may be filled, as to ſenſe, by a ſmall quantity of 


matter, when rarefied or diſperſed. _ 
Bur though to theſe diſtinct heads I ſhall deſign diſtin chapters, yet you muſt not 
expect to find the inſtances ſolicitouſly marſhalled, but ſet down in the order they occur. 


ed to me; ſuch a liberty being allowable in a paper, where I pretend not to ks th | 
tiſcs, but “ notes. | : 


- 


CHA 


Auovo many things that are groſs enough to be the objects of our touch, and to 
'be managed with our hands, there are ſome that may help us to conceive a wonderful 
minuteneſs in the ſmall parts they conſiſt of. 

I Do not remember what Cardan, and ſince him, another writer, have delivered about 
the thinneſs and ſlenderneſs to which gold may be brought. And therefore, without 
poſitively aſſenting to, or abſolutely rejecting what may have been ſaid about it by others, 
I ſhall only borrow, on this occaſion, what I have mentioned on ÞF another, upon my 
own obſervation ;z namely, that ſilver, whote ductility and tractility are very much infe- 
Tior to thoſe of gold, was, by my procuring, drawn out to ſo ſlender a wire, that, when 
we meaſured it, which was ſomewhat troubleſome to do, with a long and accurate mea- 
ſure, we found, that eight yards of it did not yet fully counterpoiſe one grain; ſo that 
we might add a grain more without making the ſcale, wherein it was put, maniſeſtly 
preponderate, notwithſtanding the tenderneſs of the balance. Whence we concluded, 
that a ſingle grain of this wire amounted to twenty-ſeven feet, that is, three hundred and 
twenty-four inches. And ſince experience informs us, that half an Engliſh inch can, b 
diagonal lines, be divided into one hundred parts, great enough to be eaſily diſtinguiſhed, 
even tor mechanical uſes, it follows, that a grain of this wire-drawn filver may be 
divided into ſixty- four thouſand eight hundred parts, and yet each of theſe will be a true 
metalline, though but flender and ſhort cylinder, which we may very well conceive to 


conſiſt yet of a multitude of minuter parts. For though I could procure no gilt wire 


near ſo lender as our newly-mentioned ſilver wire; yet I tried, that ſome, which J had 
by me, was ſmall enough to make one grain of it fourteen feet long; at which rate an 
Guncg did amount to a full mile, conſiſting of one thouſand geometrical paces of five 
feet a piece, and ſeven hundred and twenty feet over and above. And if now it be per- 
mitted to ſuppoſe the wire to have been, as in probability it might have been, further 
drawn out to the ſame ſlenderneſs with the above-meationed filver wire, the inſtance will 
til! be lar more conſiderable; for in this caſe, each of thoſe little cylinders, of which 
{ixty-four thouland eight hundred go to the making of one grain, will have a ſuperficial 
ara, which, except at the baſis, will be covered with a caſe of gold; which 1s not 
only ſ-parable from it by a mental operation, but perhaps alſo by a chymical one. For 
I remember, that from very flender gilt wire, though I could get none ſo lender as this 
of mire ſilver, I did, more than once, for curiolity's ſake, ſo get out the ſilver, that 
the golden figs, whillt they were in a liquor that plumped them up, ſeemed to be ſolid 
wires of gold; but when the liquor was withdrawn, they appeared, as indeed they were, 


* This Eſa. was deſigned to be but a part of the author's notes upon his Eſſay about Saltpetre. 
+ In a paper about Improbable Truths. 
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be oblong, and extremely thin and double membranes of that metal, which, with an 
oy die that had been delicate enough, might have been ripped open, and diſplayed, 
4 been made capable of further diviſions and fub-divifions, To this I ſhall add, that 
each of the little ſilver cylinders I lately ſpoke of, muſt not only have its little area, but 
irs ſolidity 3 and yet I ſaw no reaſon to doubt, but that it might be very poſſible, if the 
arcificer had been ſo ſkilful and willing, as I wiſhed, to have drawn the fame quantity 
of metal to 2 much greater length, ſince even an animal ſubſtance is capable of being 
brought to a ſlenderneſs much ſurpaſſing that of our wire, ſuppoſing the truth of an 
obſervation of very credible perſons, critical enough in making experiments, which, for 
a confirmation, and an improvement of our preſent argument, I ſhall! now ſubjo'in. An 
:noenious gentlewoman of my acquaintance, wife to a learned phy ſician, taking much 

leaſure to keep filk-worms, had once the curioſity to draw out one of the oval caſcs 
(which the Glk-worm ſpins, not, as it is commonly thought, out of its belly, but out 
of the mouth, whence I have taken pleaſure to draw it out with my fingets) into all the 
Glken wire it was made up of, which, to the great wonder, as well of her huſband, as 
herſelf, who both informed me of it, appeared to be, by meaſure, a great dea] above three 
hundred yards, and yet weighed but two grains and a half; fo that cach cylindrically 
ſhaped grain of ſilk may well be reckoned to be at leaſt one hundred and twenty yards 
long. 

3 way, I remember, I alſo employed to help men, by the extenſibility of 
gold, the better to conceive the minuteneſs of the parts of ſolid bodies, 

Wx took fix beaten leaves of gold, which we meaſured one by one with a ruler pur- 
poſely made for nice experiments, and found them to have a greater equality in dimen- 
fions, and to be nearer true ſquares than could be well expected; the ſide of the ſquare 
was in each of them exactly enough three inches and + or 3, which number bein: reduced 
to a decimal fraction, viz. &, and multiplied by itlelf, affords == tor the area, or 
ſuperficial content of each ſquare leaf; and this multiplied by 6, the number of the leaves 
amounts to ®2!/37-2 ſquare inches, for the area of the ſix leaves. Theſe, being carefully 
weighed in a pair of tender ſcales, amounted all of them to one grain and a quarter; and 
ſo one grain of this foliated gold was extended to ſomewhat above fifty inches; which 
Ciftered but about a fifth part from an experiment of the like nature, that I remember 
I made many years ago in a pair of exact ſcales; and ſo ſmall a difference may very well 
be imputed to that of the pains and diligence of the gold-beaters, who do not always 
work with equal ſtrength and ſkill, nor upon equally fine and ductile gold. 

Now it we recal to mind what I was lately ſaying, of the actual diviſibility of an inch 
into an hundred ſenſible parts, and ſuppoſe an inch ſo divided, to be applied to each (ide 
of a ſquare inch of the leaf-gold newly mentioned, it is manifeſt, that by ſubtle parallel 


lines, drawn between all the oppoſite points, a grain of gold muſt be cirifible into five” 


hundred thouſand little ſquares, very minute indeed, but yet diſcernible by a ſufficient 
ſharp-ſighted eye. And if we ſuppoſe an inch to be divided into two hundred parts, as 
I lately told you it was in a ruler I employ, then, according to the newly-recited way, 


the number of the {quares, into which a ſingle grain is capable of being divided, will 


amount to no leſs than two millions. 


Tien is yet another way that I took to ſhew, that the extenſibility, and conſequently 


the diviſibleneſs of gold, is probably far more wonderful than by the lately mentioned 
trial it appears. | | 


Fon this purpoſe, I went to a great refiner whom I uſed to deal with for purificd gold 


and ſilver, and enquired of him how many grains of leat-go}d he was wont to all W to 
an ounce of ſilver, when it was to be drawn into gilt wire as ſlender as an hair. To this 


7 he 
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he anſwered me, that eight grains was the proportion he allowed to an ounce, when 
wire was to be well gilt; but if it were to be more ſlightly gilt, ſix grains would 4. 
the turn. And to the ſame purpoſe I was anſwered by a ſkilful wire-drawer, A 
remember, that deſiring the refiner to ſhew me an ingot of ſilver, as he did at firſt 4 
it; he ſhewed me a good fair cylindrical bar, whereon the leaf-gold that overlaid t 
ſurface, did not appear to be, by odds, ſo thick as fine Venetian paper; and yet com : 
ring this with gilt wire, which I alſo deſired to ſee, the wire appeared to be the better 
gilt of the two; poſſibly, becauſe the gold, in paſſing through the various holes, wah 
the ſides of them not only extended, but poliſhed, which made it look more inch 
than the unpoliſhed leaves that gilded the ingot. x 

So that, if we ſuppoſe an ounce of the gilt wire formerly mentioned to have been 
gilt with fix grains of leaf-gold, it will appear, by an eaſy calculation, that at this rate one 
ounce of gold, employed on gilding wire of that ſlenderneſs, would reach between ninet 
and an hundred miles. But if now we further ſuppoſe, as we lately did, that the (lender 
ſilver wire, mentioned at the beginning of this chapter, were gilt; though we ſhould 
allow it to have (becauſe of its exceeding ſlenderneſs) not, as the former, fix grains, but 
eight grains of leaf-gold to an ounce of filver, it muſt be acknowledged, that an hollow 


cylinder, or ſheath of gold, weighing but eight grains, may be fo ſtretched, that it will 


reach to no leſs than ſixty times as much in weight of ſilver wire, as it covers (I aid 
ſixty times, for ſo often is eight contained in four hundred and eighty, the number of 
grains in an ounce]; and conſequently a grain of that wire having been found to be 
twenty-ſeven feet long, the ounce of gold would reach to ſeven hundred ſeventy-ſeven 
thouſand ſix hundred feet, that is, an hundred fifty-five miles and above a half. And if 
we yet further ſuppoſe this ſuperficial, or hollow cylinder of gold, to be ſlit all along, 
and cut into as ſlender liſts or thongs as may be, we muſt not deny that gold may be 
made to reach to a ſtupendous length. But we need not this laſt ſuppoſition to make 
what preceded it an amazing thing; which yet, though it be indeed ſtupendous, and 
ſeem incredible, ought not at all to be judged impoſſible, being no more than what, 
upon the ſuppoſitions and obſervations above laid down, does evidently follow, 


"CU: AP: 


AFTER what has been faid of the nginuteneſs of tangible objects, it will be proper to 
ſubjoin ſome inſtances of the ſmallneſs of ſuch as yet continue viſible, But, in regard 
theſe corpuſcles are ſingly too little to have any common meaſure applied to any of them, 
we muſt make an eſtimate of their minuteneſs by the number of thoſe, into which aſnul 
portion or fragment of matter may be actually divided, the multitude of theſe being a 
forded by ſo inconſiderable a quantity of matter, ſufficiently declaring, that each of them, 
in particular, muſt be marvelouſly little, | | 

Amonc the inflances, where the ſmalineſs of bodies may be deduced from what! 
immediately the object of ſight, it may not be unfit to take notice of the evaporation of 
water, which though it be granted to conſiſt of groſs particles, in compariſon of ce (pt 
rituous and odoriferous ones of divers other liquors, as of pure ſpirit of wine, eſſential 
oils of ſpices, &c. yet to ſhew, that a ſmall quantity of it may be diſperſed into a mul- 
titude of manifeſtly viſible corpuſcles, I thought upon, and more than once tried the 
rarefaQion of it into vapours by help of an æolipile, wherein, when I made the exper 
ment the laſt time, I took the pains to regilter the event as follows: Wi 
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We put an ounce of common water into an æolipile, and having put it upon a cha- 
| of coals, we obſerved the time, when the ſtreams of vapours began to be 
|} This ſtream was, for a good while, impetuous enough, as appeared by the 

ie it made, which would be much encreaſed, it we applied to it, at a convenient 
y ndled brand, in which it would blow up the fire very vehemently. The 


might have continued uninterruptedly eighteen or twenty minutes. Note, that apply- 
ing a meaſure to the ſmoke, that came out very viſible in a form almoſt conical, where 
it %emed to have an inch or more in diameter, it was diſtant from the hole of the æoli- 
pile about twenty inches; and five or fix inches beyond that, though it were ſpread fo 
much, as to have four or five inches in diameter, yet the not uniform, but ſtill-co- 
hering clouds, which was the form, wherein the vapours appeared, were manifeſt and 
conſpicuous. 

W the rarefaction of water, when it is turned into vapours, we may conſider that 
of fewel, when it is turned into flame; to which purpoſe, I might here propoſe ſeveral 
trials, as well of our own as others, about the prodigious expanſion of ſome inflamma- 
ble bodies upon their being actually turned into flame. But in this place to mention all 
theſe, would perhaps too much intrench upon another paper; and therefore I ſhall here 
propoſe to your conſideration but one inſtance, and that very eaſy to be tried, of which 
I find this account among my adverſaria. 

Havins oftentimes burnt ſpirit of wine, and alſo oil in glaſs lamps, that for certain 
uſes were ſo made, that the ſurface of the liquor was ſtill circular, it was obvious to ob- 
ſerve, how little the liquor would ſubſide by the waſte, that was made of it, in about 
half a quarter of an hour. And yet if we conſider, that the naked eye, after ſome 
exerciſe, may, as I have often tried, diſcern the motions of a pendulum, that ſwings 
faſt enough to divide a ſingle minute of an hour into two hundred and forty parts, and 
conſequently half a quarter of an hour into one thouſand eight hundred parts; if 
we allo conſider, into how many parts of the time employed by a pendulum, the vibra- 
tions, Now enough to be diſcernible by the eye, may be mentally ſubdivided ; and if we 
further conſider, that, without intermiſſion, the oil is preyed upon by an actual flame, 
and the particles of it do continually furniſh a confiderable ſtream of ſhining matter, 
that with a ſtrange celerity is always flying away z we may very well conceive, that 
thoſe parts of flame into which the oil is turned, are ſtupendouſly minute, ſince, though 
the waſting of the oil is in its progreſs too flow to be perceived by the eye, yet it is 
undoubted, that there is a continual decrement of the depth of the oil, the phyſical ſur- 
faces whereof are continually and ſucceflively attenuated and turned into flame; and the 
{ſtrange ſubtilty of the corpuſcles of flame would be much the ſtronglier argued, if we 
ſnould ſuppoſe, that inſtead of common oil the flame were nouriſhed by a fewel ſo much 
more compact and durable, as is that inflammable ſubſtance made of a metalline body, 
of whoſe laſtingneſs I have elſewhere made particular mention *, after having taught the 
way of preparing it. | | 


* In ſome papers about Flame, 
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Of the ſtrange Subtilty of Eſluviumt. 


Havinc in a pair of tender ſcales carefully weighed out half a grain of good! 
powder, we laid it on a piece of tile, and whelmed over it a veſſel of glaſ "ou 
deſcribed, and often mentioned) with a braſs plate to cover the upper orifice of it Th 
having fired the gunpowder, we obſerved that the ſmoke of it did opacate, and * 
ſenſe, ſo fill the whole cavity of the glaſs, though its baſis were eight inches in ® 
pendicular height above twenty inches, and its figure far more capacious, than if i Lag 
conical; and this ſmoke, not containing itſelf within the veſſel, iſſued out at * 
three little intervals, that were purpoſely left between the orifice of the veſſel and he 
plate that lay upon it. This cover we then removed, that we might obſerye how long 
the ſmoke would continue to aſcend; which we found it would do for about half 3 
quarter of an hour, and during near half that time, viz. the three firſt minutes, the 
continually aſcending ſmoke ſeemed to be, at its going out, of the ſame diameter 
with the orifice at which it iſſued; and it would aſcend ſometimes a foot, ſometimes 
half a yard, ſometimes two feet or more into the air, before it would diſperſe and Vaniſh 
into ĩt. 1 ü 

Now if we conſider that the cavity of this round orifice was two inches in diameter 
how many myriads of viſible corpuſcles may we eaſily conceive thronged out at ſo large 
an outlet, in the time above-mentioned, ſince they were continually thruſting one anc- 
ther forwards ? and into ſo many viſible particles of ſmoke muſt we admit, that the 
half grain of powder was ſhattered, beſide thoſe multitudes, which, having been turned 
into actual flame, may probably be ſuppoſed to have ſuffered a comminution, that made 
them become inviſible. And though I ſhall not attempt ſo hopeleſs a work, as to com- 
pute the number of theſe ſmall particles, yet to make an eſtimate, whereby it would ap- 
pear to be exceeding great, I thought fit to conſider, how great the proportion was be- 
tween the ſpaces, that to the eye appeared all full of ſmoke, and the dimenſions of the 
powder, that was reſolved into that fmoke. Cauſing then the glaſs to be filled with 
common water, we found it to contain above two-and-twenty pints of that Jiquor, and 
cauſing one of thoſe meaſures to be weighed, it was found to weigh ſo near a pound (ef 
ſixteen ounces) that the computation of the whole water amounted to at leaſt one 
hundred and ſixty thouſand grains, and conſequently three hundred and twenty thouſand 
half grains. To which if we add, that this gunpowder would readily fink to the bottom 
of water, as being (by reaſon of the falt-petre and brimſtone, that make up at leaſt ſix 
parts of feven of it) in ſpecie heavier than it, and in likelihood twice as heavy (for it 
is not eaſy to determine it exactly) we may probably gueſs the ſpace to which the ſmołe 
reached, to exceed five hundred thouſand times that which contained the unfired poy- 
der; and this, though the ſmoke, being confined in the veſſel, was thereby kept 
from diffuſing itſelf ſo far, as by its ſtreaming out it ſeemed likely, that it would have 
done. : 

To theſe inſtances from inanimate bodies, I ſhall ſubjoin one more taken from animals 
Whereas then men have with reaſon wondered, that ſo ſmall a body as a cheeſe-mite, 
which by the naked eye is oftentimes not to be taken notice of, unleſs it move (if even 
then it be ſo) ſhould, by the micro{cope, appear to be an animal furniſhed with all be. 
ceſſary parts; whereas this, I ſay, has given juſt occaſion to conclude, that the corpuſ⸗ 
cles that make up the parts of ſo ſmall an animal, muſt themſelves be extremely mall; 
I chink the argument may be much improved by the following conſideration. Those 
that have had the curioſity to open from time to time eggs, that are ſat upon by 8 
hatching hen, cannot but have obſerved, how ſmall a proportion, in reference to tlie 
bulk of the whole egg, the chick bears; when that which the excellent Harv?) cal 


punctum ſaliens, diſcloſes the motion of the heart, and the colour of the blood; * 


Of the firange Subtilty of Effluviums. 


that even about the ſeventh or eighth day, the whole chick now viſibly formed bears 
no great proportion to the whole egg, which is to ſupply it with aliment, not only for 
its nouriſhment, but ſpeedy growth for many days after, ; 

To apply this now to the matter in hand; having ſeveral times obſerved, and ſhewn 
to others, that cheeſe-mites themſelves are generated of eggs, if we conceive, that in 
theſe eggs, as in ordinary ones, the animal at its firſt formation bears but a ſmall = 
ortion to the bulk of the whole egg, the remaining part being to ſuffice for the food 
and growth of the embryo probably for a pretty while; ſince, if an ingenious perſon, 
that I deſired to watch them, did not miſinform me, they uſed to be about ten or twelve 
days in hatching z this whole egg itſelf, will be allowed to be but little, in reference to 
the mite it came from, how extremely and unimaginably minute may we ſuppoſe thoſe 
parts to be, that make up the alimental liquors, and even the ſpirits, that paſſing through 
the nerves, or analogous parts, ſerve to move the limbs and ſenſories of but, as it were, 
the model of ſuch an animal, as, when it reſts, would not, perhaps, itſelf, to the 
naked eye be ſo much as viſible; and in which we may preſume the nobler ſort of 
ſtabler parts to be of an amazing ſlenderneſs, if we conſider, that, though in other hairy 
animals, the optick, or ſome other of the larger nerves do, I know not how many 
times, in thickneſs and circuit, ſurpaſs a hair of the ſame animal; yet in a cheeſe-mite, 
though none of the largeſt of thoſe creatures, we have divers times manifeſtly ſeen, as is 
before intimated, ſingle hairs that grow upon the legs. 

ANOTHER Way there is, that I employed to give men cauſe to think, that the invi- 
ble effluvia of bodies, that wander through the air, may be ſtrangely minute; and this 
was by ſhewing how ſmall a fragment of matter may be reſolved into particles minute 
enough to aſſociate themſelves in ſuch numbers with a fluid ſo much more denſe than 
air, as water is, as to impart a determinate colour to the whole liquor. What I did 
with cochineal in proſecution of this deſign, my experiments about colours may inform 
you ; but I ſhall now relate the ſucceſs of an attempt made another way, for which per- 
haps ſome of your friends, the chymiſts, will thank me; though I was not ſolicitous to 
carry on the experiment very far with gold, not becauſe I judged that leſs diviſible into 
a number of coloured particles, but becauſe I found, as J expected, that the paleneſs of 
the native colour of the gold may make it in the end leſs conſpicuous, though, if I had 
then had by me a menſtruum, as I ſometimes had, that would diſſolve gold blood-red, 
perhaps the experiment with gold would haye ſurpaſſed that, which it is now time I 
ſhould begin to relate, as ſoon as J have hinted to you by the way, that, for variety's 
lake, I made a trial with copper calcined per ſe, that I might not be accuſed of having 
omitted to employ a metal, whoſe body chymiſts ſuppoſe to be much opened by calci- 
nation, And though the event were notable, even in compariſon of that of the experi- 
ment made with cochineal, yet my conjectures inclined me much to prefer the way de- 
ſcribed in the following account. | 
We carefully weighed out in a pair of tender ſcales one grain of copper not calcined, 
but barely filed ; and becauſe, as we made choice of this metal for its yielding in moſt 
menſtruums a blue, which is a deep and conſpicuous colour, we alſo choſe to make a 
ſolution, not in aqua fortis, or aqua regis, but the ſpirit of ſal armoniack (as that is 
an vrinous ſpirit) having found by former trials, that this menſtruum would give a far 
deeper lolution than either of the others. This lovely liquor, of which we uted a good 
| Proportion, that all the copper might be thoroughly diſſolved, we put into a tall cy lin- 
drical glaſs of about four inches in diameter, and by degrees poured to it of diſtilled 
Water, Which is more proper in this caſe than common water, which has oftentimes an 
_ convenient ſaltiſnneſs, till we had almoſt filled the glaſs, and ſaw the colour grow 
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Of the ſtrange Subtilty of Efflurviums. 


ſomewhat pale, without being too dilute to be manifeſt ; and then we warily poureg 11; 
liquor into a conical glaſs, that it might be the more eaſy to fill the veſſel ſeveral tine 
the ſame height. This conical glaſs we filled to a certain mark four times — 
weighing it, and the liquor too, as often in a pair of excellent ſcales purpoſely made bl 
ſtatical experiments, and which, though ſtrong enough to weigh ſome pounds i exc 
ſcale, would, when not too much loaden, turn with about one grain, Theſe f 
weights of the glaſs, together with the contained liquor, we added together, and 1h 8 
carefully weighing the empty glaſs again, we deducted four times its weight from the 
above - mentioned ſum, and thereby found the weight of the liquor alone, to be that 
which reduced to grains, amounted to 28,534, fo that a grain of copper, which i 
not full half ſo heavy in ſpecie as fine gold, communicated a tincture to 28,534 times 
its weight. 1 

hor now, if you pleaſe to take notice, that the ſcope of my experiment was to ſhey 
into what a number of parts one grain of copper might be divided; you will allow met 
conſider, as I did, that this multitude of parts muſt be eſtimated by the proportion, ot 


ſo much in weight as in bulk, of the tinging metal to the tinged liquor; and conſe. 


_ quently, ſince that divers hydroſtatical trials have informed me, that the weight of cop- 


per to the weight of water of the ſame bulk is proxime as nine to one, a grain-weight of 
copper is in bigneſs but the ninth part of as much water as weighs a grain; and ſo the 
formerly-mentioned number of the grains of water muſt be multiplied by nine, to give 


us the proportion between the tinging and tinged bodies, that is, that a ſingle grain of 


copper gave a blueneſs to above 256,806 parts of limpid water, each of them as big 


as it. Which, though it may ſeem ſtupendous, and ſcarce credible, yet I thought ft | 


to proſecute the experiment ſomewhat farther, by pouring all the liquor out of the tall 
cylindrical glaſs into another clean veſſel, whence filling the conical glaſs twice, and 
emptying it as often into the ſame cylindrical glaſs, the third time I filled the conical glaſs 
with colourleſs diſtilled water, and pouring that alſo into the cylindrical glaſs, we found 
the mixed liquor to have yet a manifeſt, though but a pale blueneſs. And laſtly, throw- 
ing away what was in the cylindrical glaſs, we poured into it, out of the ſame conical 
glaſs, equal parts of diſtilled colourleſs water, and of the tincted liquor we had formerly 
ſer a-part in the clean veſſel; and found that though the colour were very faint and d. 
lute, yet an attentive eye could eaſily diſcern it to be blueiſh ; and ſo it was judged by an 
intelligent ſtranger, that was brought in to look upon it, and was deſired to dilcover 
of what colour he thought it to be. Whereby it appears, that one grain of copper 
was able to impart a colour to above double the quantity of water above-mentioned, 
Tuis experiment I have allowed myſelf to be the longer and more particular in te- 
lating, both becauſe I know not that any ſuch has been hitherto either made or a. 
tempted, and becauſe it will probably gratify your chymiſts, that love to have the tine. 
tures of metals believed very diffuſive ; and becauſe if circumſtances were not added, it 
would ſeem to you as well incredible, as perhaps it does ſeem ſtupendous, that a por- 
tion of matter ſhould be able to impart a conſpicuous colour to above 256,800 times It 
bulk of water, and a manifeſt tincture to above 385,200 (for ſo it did, when the pio 
portion of the tinged part to the whole mixture made of it, and the untinged pat, 
was as 2 to 31) and a faint, but yet diſcernible and diſtinguiſhable colour, to above fire 
hundred and thirteen thouſand ſix hundred and twenty times its bulk of water. 
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Ir were eaſy for me (Pyropb.) to give you ſeveral inſtances, to ſhew, that the 
effluvia of liquors may get in at the pores of bodies, that are reputed of a cloſe tex- 
ture; but I ſhall at preſent forbear to mention ſuch examples, not only becauſe they 
belong to another place“, where I take notice of them, but becauſe many ſuch would 
not ſeem ſo remarkable, nor be ſo conſiderable to our preſent purpoſe, as a few taken 
from bodies that are not fluid. 

Aup firſt, it is delivered by writers of good credit, that ſeveral perſons (for the ex- 

eriment does not hold in all) by barely holding for ſome time dried cantharides in 
their hands, have been put to much pain at the neck of the bladder, and have had ſome 
other parts miniſtering to the ſecretion of urine ſenſibly injured. That this is true, I am 
induced to believe, by what I have elſewhere related to you of the unwelcome experi- 
ment I had of the effect of cantharides applied but outwardly to my neck, and that un- 
known to me, upon the urinary paſſages; and that theſe operations are due to material 
effluxes, which, to get into the maſs of blood, mult paſs through the pores of the ſkin, 
you will not, I preſume, put me to prove. 

SCALIGER Exercit. 186, relates, that in Gaſcony, his country, there are ſpiders of that 
vitulency, that if a man treads upon them to cruſh them, their poiſon will paſs through 
the very ſoles of his ſhoes. Which ſtory, notwithſtanding the reputation of the author, 
I ſhould perhaps have left unmentioned, becauſe of a much ftranger about ſpiders, which 
he relates in the ſame ſection, but that I met with one that is analogous in the diligent 
Piſo's late hiſtory of Braſil; where, having ſpoken of another venemous filh of that 
country, and the antidotes he had ſucceſsfully uſed to cure the hurts it inflicts, he pro- 
ceeds to that fiſh the natives call Amoreatim, of one kind whereof, called by the Por- 


tugals Peize Sala, his words are theſe; Quæ mira ſane efficacia non ſolum manum wel 


leviſſimo attractu, ſed & pedem, licet optime calceatum, piſcatoris incautè piſciculum con- 
terentis, paralyſi & ſtupore afficit, inſtar torpedinis Europeæ, ſed minus durabili. Lib. 5. 
Cap. 14. 

WHAT I ſhall. ere long have occaſion to tell you of the power of the Torpedo, and 
ſome other animals, to affect the hand and arm of him that ſtrikes them, ſeems applica- 
ble to the matter under conſideration : for, though their affecting the ſtriker at a 
diſtance may very well be aſcribed to the ſtupefactive, or other venemous exhalations, 
that expire (and perhaps are as it were darted) from the animal irritated by the ſtroke, 
and are breathed in together with the air they infe&t 3 yet their benumbing, or other- 
wiſe affecting the arm that ſtruck them, rather than any other part, ſeems to argue, 
that the poiſonous ſteams get in at the pores of the ſkin of the limb, and fo ſtupety, 
or otherwiſe injure, the nervous and muſculous parts of it. 

Ornenx examples belonging to this ſection may be referred hither from divers other 
places in theſe papers about occult qualities, and therefore I ſhall only add here, that moſt 
remarkable proof, That ſome emanations, even of ſolid bodies, may be ſubiil enough to 
get through the pores, even of the cloſeſt bodies; which is afforded us by the effluvia 
of the loadſtone, which are by magnetical writers ſaid to penetrate, without reſiſtance, 
all kind of bodies. And though I have not tried this in all ſorts, yer having tried it in 
metals themſelves, I am apt to think, the general rule a mits of very tew exceptions, 
eſpecially, if that can be fully made out, which is affirmed about the pcrviouſicis of 


* A Diſcourſe of pores of bodies, and figures of corpuſcles. 
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glaſs to the effluxions of the loadſtone. For, not only glaſs is generally reputed to be 
as cloſe a body as any is, but (Which weighs more with me) I have by trials Purpoſe] 
made, -had occaſion to admire the cloſeneſs of very thin pieces of glaſs. But the — 
why I juſt now expreſſed myſelf with an If, was, becauſe I was not entirely ſatisfeq 
with the proof wont to be acquieſced in, of the perviouſneſs of glaſs namely, that in 
dials and ſea-compaſſes, that are covered with plates of glaſs, the necdle may be readil 
moved to and fro by a loadſtone held over it. For theſe plates being commonly * 
faſtened on with wax, or at beſt with cement, a r may pretend, that the magne. 
tical effluv ia paſs not through the glaſs, but through that much more pervious matter 
that is employed to ſecure the commiſſures, only from the acceſs of the air. To Put 
then the matter paſt doubt, I cauſed ſome needles to be hermetically ſealed up in glass. 
pipes, which being laid upon the ſurface of water (whereon, by reaſon of the bigneſs of 
the cavities, they would lightly float) the included needles did not only readily feel 
the virtue of an externally applied loadſtone (though but a weak one) but complied 
with it ſo well, that I could eaſily, by the help of the needle, lead, without touching it, 
the whole pipe, this was ſhut up in, to what part of the ſurface of the water I pleaſed, 
And I alſo found that by applying a better loadſtone to the upper part of a ſealed Pipe, 
and a needle in it, I could make the needle leap up from the lower part, as near to the 
loadſtone, as the interpoſed glaſs would give it leave. | 

Bur I thought it would be more conſiderable, to manifeſt that the magnetical effluvia, 
even of ſuch a dull body as the globe of the earth, would alſo penetrate glaſs. And though 
this ſcem difficult to be tried, becauſe no ordinary loadſtone, nor any iron touched by it, 
was to be employed to work on the included iron ; yet I thought fit to attempt it after this 
manner: I took a cylindrical piece of iron, of about the bigneſs of one's little finger, and be. 


tween half a foot and a foot long (for I had formerly obſerved, that the quantity of unex- 


cited iron furthers its operation upon excited needles) and having hermetically ſealed it up 
in a glaſs pipe but very little longer than it, I ſuppoſed that if J held it in a perpendicular 
poſture, the magnetical effluvia of the earth, penetrating the glaſs, would make the lower 
extream of the iron anſwerable to the north pole ; and therefore having applied this to the 

int of the needle in a dial, or ſea-compaſs, that looked towards the north (for authors 
mean not all the ſame thing by the northern pole of a needle, or loadſtone) I preſumed it 


would, according to the laws magnetical (elſewhere mentioned) drive it away, which ac- 


cordingly it did. And having for farther trial inverted the included iron (ſo that the end, 
which was formerly the lowermoſt, was now the uppermoſt) and held it in a perpendicu- 
lar poſture, juſt under the ſame point of the needle, that extreme of the iron-rod, which 
before had driven away this point, being by this inverſion become, in a manner, a ſoutb- 
pole did, according to the ſame laws) attract it: by which ſudden change of poles, merely 
upon the change of ſituation, it alſo appeared, that the iron owed its virtue only to the 
magnetiſm of the earth, not that of another loadſtone, which would not have been thus 
eaſily alterable. And this experiment I the more particularly relate, becauſe this is not 
the only place where I have occaſion to make uſe of it. 


, C H A P. V, 


AxoTHER proof of the great ſubtilty of efluviums may be taken from the ſmall 
decrement of weight or bulk, that a body may ſuffer by parting with great ſtore of ſuch 


emanations. 
THAT 
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Taar bodies, which infuſed in liquors impregnate them with new qualities ſuitable to 
thoſe of the immerſed bodies, do ſo by imparting to them ſomewhat of their own ſub- 
ſtance, will, I preſume, be readily granted by thoſe that conceive not how one body 
ſhould communicate to another a ſolitary and naked quality, unaccompanied by any 
thing corporeal to ſupport and convey it, But I would not have you think, Pyrophilus, 
that the only matter of fact I have to countenance this notion, is that experiment, which 
has convinced divers chymiſts and phyſicians, otherwiſe not friends to the corpuſcular 
philoſophy, that medicines may operate without any conſumption of themſelves. For 
though divers of theſe, ſome of them learned men, have confidently written, that glaſs 
of antimony, and crocus metallorum, being either of them infuſed in a great propor- 
tion of wine, will make it vomitive; and if that liquor be poured off, and new be pour- 
ed on, every new portion of ſuch liquor will be impregnated with the ſame virtue, and 
this though the liquor be changed a thouſand times, and yet the antimonial glaſs or cro- 
cus will continue the ſame, as well in weight as virtue; and though thence ſome of them, 
eſpecially chymiſts, argue, that ſome metals work without imparting any thing ſubſtan- 
tial, but only, as Helmont ſpeaks of ſome of his arcana, by irradiation : yet, I confeſs, 
] have ſome doubts, whether the experiment have been competently tried, and ſhall nor 


fully acquieſce in what has been ſaid, till ſome ſkilful experimenter deliver it upon his 


own trial, and acquaint us too, with what inſtruments, and what circumſpection he 
made it. For beſides that the ingeniouſeſt phyſicians I have queſtioned about it, acknow- 
ledged the taſte, and ſometimes the colour of the wine, to be altered by the infuſed 
mineral, I could not acquieſce in the affirmation of an ordinary chymiſt, or apothecary, 
or even phyſician, if he ſhould barely aver that he had weighed an antimomal medicine 
before it was put to infuſe, and after the infuſion ended, and obſerved no decrement of 
weight, For I have had too much experience (as I elſewhere mention) of the difficulty 
of making exact ſtatical trials; not to know that ſuch ſcales as are wont to be employed 
by chymiſts and apothecaries in weighing drugs, are by no means fit to make trials. 
with the nicety, which that I am ſpeaking of requires : it being eaſy, even with the bet- 
ter ſort of luch unaccurate ſcales, eſpecially if they be not ſuſpended from lome fixed. 
thing, but held with the hand, to miſtake half a grain, or a grain; and perhaps a greater 
quantity, and at leaſt more than by divers of the experiments of this eſſay appears neceſ- 
lary to be ſpent upon the impregnating of a conſiderable proportion of liquor, with cor- 
Poreal effluxions. Beſides that if, when the beaten crocus, or glaſs, be taken out of 
the wine to be weighed again, the experimenter be not cautious enough to make allow- 
ance for the liquor that will adhere to the medicament, it is plain that he may take 
notice of no decrement of weight, though there may be really effluviums of the mineral 


amounting to ſeveral grains, imbib:d by the liquor. And though he be aware of this, 


and dry the powder, yet it is not fo eaſy, even for a ſkilful man, to be ſure that none 
of the more viſcous particles of the liquor ſtick to the mineral, and being lenſible upon 
the balance, though not to the eye or hand, repair the receſs of thoſe emetick corpul- 
cles, that diffuſed themſelves into the menſtruum. And the ſenſe of theſe difficulties 
put me upon the attempting to make ſo noble an experiment with excellent ſcales, and 
the care that it deſerves : but, after a long trial, an unJucky accident fruſtrated at laſt 
my endeavours, But though, till competeat relators give us an account of ths matter 
upon their own trial, and repeat the infuſion very much ofcener, than, for aught | find, 
any man bas yet done, 1 muſt not acquieſce in all chat is ſaid of the impiegnation of 
Wine, or other liquors by antimonial glaſs and crocus metallorum; yet, that after d.vcrt 
repeated infuſions, the mineral ſubſtance ſhould not be tenfivly d miniſhed in buik or 
virtue, may well ſuffice to make this inſtance, though not the only or chef that nay 
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be brought for our purpoſe, yet a pertinent one to it. For, that there is a Power! 
emetick quality imparted to the liquor, is manifeſt by experience; and that ul 
Mineral does not impart this virtue, as it were, by irradiation, but by ſubſtanc 
effluxion, ſeems to me very probable z not only becauſe I conceive not, how this can be 
done otherwiſe, but becauſe, as it is noted above, the wine does oftentimes change ch. 
lour by being kept a competent time upon the mineral, as if it drew thence a tincture 
and even when it is not diſcoloured, I think it unſafe to conclude, that the menſtruum 
has not wrought upon it. For 1 have kept good ſpirit of vinegar for a conſiderable 
time, upon finely powdered gla's of antimony made per ſe, without finding the ſpirit to 
be all tinged, though it is known, that antimonial glaſs is ſoluble in ſpirit of vinegar 
as mine afterwards appeared to be, by a longer digeſtion in the ſame liquor. But there 
may be a great number of minute particles diſſolved in the menſtruum before they be 
numerous enough to change the colour of it. And with this agrees very well what z 
obſerved, that though too great a quantity of the prepared antimony be put into the 
liquor, yet it will not be thereby made too ſtrongly emetick. For the wine, being a 
menſtruum, will, like other menſtruums, be impregnated but to a certain meaſure, 
without diſſolving the overplus of the matter that is put into it; and Mars, which is x 
harder and heavier body than glaſs of antimony, is itſelf in part ſoluble in good Rhe. 
niſh, or other white wine (and that in no long time) and ſometimes even in water. 

I po not therefore reject the emetick infuſion, as unfit to have a place in this chap- 
ter, but till the experiment have been a little more accurately made, I think it inferior, 
as to our purpoſe, to ſome of the inſtances to be met with in the next chapter, and 
perhaps alſo to that mentioned by Helmont, and tried by more than one of my acquaint- 
ance, concerning the virtue of killing worms, that mercury imparts to the water or 
wine, wherein it has been long enough infuſed, or elſe for a while decocted. Though 
quickſilver given in ſubſtance is commended as an effectual medicine againſt worms, 
not only by many profeſſed “ ſpagiriſts, but by divers methodiſts of good note, 
And though ſome other things, chymical and philoſophical, keep me from being of 
their opinion, who think, that in this caſe the mercury impregnates the liquor, as it 
were, by irradiation, rather than in a corporeal manner; yet the eye does not perceive, 

that even limpid water takes any thing from clean and well-purged mercury, which we 
know, that divers corroſive liquors themſelves will not work upon. 

To this inſtance I muſt add one, that is yet freer from exceptions, which is, that 
having for curioſity fake ſuſpended in a pair of exact ſcales, that would turn with a very 
ſmall part of a grain, a piece of ambergris bigger than a walnut, and weig/.ing betwixt 
an hundred and fix ſcore grains, I could not in three days and a half, that I had opportu- 
nity to make the trial, diſcover, even upon that balance, any decrement of weight in the am- 
bergris; though ſo rich a perfume, lying in the open air, was like in that time to hare 
parted with good ſtore of odoriferous ſteams. And a while after ſuſpending a lump of 
aſſa fœtida five days and a half, I found it not to have ſuſtained any diſcernible loſs of 
weight, though, in ſpite of the unfavourable cold weather, it had about it a neighbout- 
ing atmoſphere repleniſhed with fœtid exhalations. And when twelve or fourteen hours 
after, perhaps upon ſome change of weather, I eame to look upon it, though I found, 
that in that time the equilibrium was ſomewhat altered, yet the whole lump had not loſt 
half a quarter of a grain; which induced me to think, that there may perhaps be (teams 
diſcernible even by our noſtrils, that are far more ſubtil than the odorous exhalations l 
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ſnices themſelves. For having, in very good ſcales, ſuſpended in the month, of March 
5 ounce of nutmegs, it loſt in about ſix days five grains and a half. And an ounce of 
cloves, in the ſame time, loſt ſeven grains and five-eighths, _ ; 

You will perheps wonder, why I do not prefer, to the inſtances I make. mention of 
in this chapter, that, which may be afforded by the loadſtone, that is acknowledged 
continually to emit multitudes of magnetical ſteams without decrement of weight. But 
though I have not thought fit to pals this wholly under filence, yet I forbear to lay ſo 
much ſtreſs on 1t, not only becauſe my balances have not yet ſatisfied me about the 
Auvia of loadſtones (for 1 take them not all to be equally diffuſive of their particles) 
but becauſe I foreſce it may be doubted, whether loadſtones, like odorous bodies, do 
furniſh afreſh of their own, all the corpuſcles that from time to time iſſue from them; 
or, whether they be not continually repaired, partly by the return of the magnetical 
particles to one pole, that ſallied out of the other; and partly by the continued paſſage 
of magnetical matter, ſupplied by the earth, or other mundane bodies, which make the 
pores or channels of the loadſtone their conſtant thorough-fares, 

pov not but it will make it more probable, that a ſmall quantity of matter being 
{catered into inviſible effluvia, may be exceedingly rarefied and expanded, if it can be 
made appear, that this little portion of matter ſhall, for a conſiderable time, emit mul- 
ticudes of viſible parts, and that in ſo cloſe an order among themſelves, as to ſeem in 
their aggregate but one entire liquor, endowed with a ſtream-like motion, and a diſtinct 
ſuperficies, wherein no interruption is to be ſeen, even by an eye placed near it. To 
deviſe this experiment, I was induced, by conſidering, that hitherto all the total diſſolu- 
tions, that have been made of pigments, have been in liquors naturally cold, and con- 
lifting probably of much leſs ſubtil, and certainly of much leſs agitated parts, than that 
fluid aggregate of ſhining matter, that we call flame; whereas I argued, that if one 
| could totally diſſolve a body compoſed of parts ſo minute as thoſe of a metal, 
into actual flame, and huſband its flame ſo, as that it ſhould not immoderately 
waſte, I ſhould thereby diſſolve the metal in a far more ſubtil menſtruum than 
our common water, or aqua fortis, or aqua regis, or any other known menſtruum 
| have yet employed. And conſequently, the attenuation and expanſion of the 
metal ia this truly igneous menſtruum would much ſurpaſs, not only what happens in 
ordinary metalline ſolutions, but poſſibly alſo what I have noted in the third chapter 
of this eſſay, about the ſtrange diffuſion of copper diſſolved in ſpirit of urine and water. 
In proſecution of this deſign, I ſo prepared one ſingle grain of that metal, by a way 
that 1 elſcwhere teach, that it was diſſolved in about a ſpoonful of an appropriated 
menſtruum. And then having cauſed a ſmall glaſs lamp to be purpoſely blown to 
contain this liquor, and fitted it with a ſocket ard wick, we lighted the lamp, which, 
| without con ſua ing the wick, burnt with a flame large enough, and very hot, and ſeemed 

to be all the while of a greeniſh blue, as if it were but a finer and ſhining ſolution of 
copper. And yet this one grain of prepared metal tinged the flame, that was from 
moment to moment produced, during no leis than half an hour and fix minutes. And 
now if we conſider, that in this flame there was an uninterrupted ſucceſſion of multitudes 
of coloured particles newly extricated, and flying off in every of thoſe many parts 


lid 


8 flame as a light and very agitated body, paſting with a ſtream upwards through the 


5 and if we alſo conſider the quantity of liquor, that would (as J ſhall by and by tell 
Jeu) un through a pipe of a much leſſer diameter than that flame, within the compaſs 
ot the fore- mentioned time: what a quantity of the ſtreaming fluid, we call flame, if 
t could have been preſerved, and collected into one body, may we ſuppoſe, would ap- 
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wherein a minute of time may either actually or mentally be divided; and if we con- 
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pear to have iſſued out of one grain of copper in the ſpace of thirty-ſix minutes 

what a multirude of metalline corpuſcles may we ſuppoſe to have been ſupplied "4 and 
tinging of that flame, during ſo long a time? ſince a cylindrical ſtream of water hs 
but through a very ſhort pipe of glaſs, conſtantly ſupplied with liquors, did paſs at 's 
a rate, that though the aqueous cylinder ſeemed more ſlender by half, or verks 
two-thirds, or better than the flame, yet we eſtimated, by the help of a re neat 
and a good pair of ſcales, that, if I had had conveniencies to let it run long enough. the 
water cffluxed in thirty-ſix minutes, the time of the flame's duration, would hin 


amounted to above nine gallons, or, reckoning a pint of water to contain a pound of (jy. 
teen ounces, ſeventy- two pounds. | 


E 
Tur leſt ſort of inſtances I ſhall propoſe to ſhew the ſtrange ſubtilty of effluvia, is 


of ſuch as diſcover the great quantity of ſpace that may, by a ſmall quantity of matter, 


when rarefi: d or diſperſed, be either filled as to ſenſe, or, at leaſt, made (as they ſpeak) 
the ſphere of its activity. 

To mantfeſt this truth, and thereby as well confirm the foregoing chapter, as make 
out what is deſigned in this, I ſhall endeavour to ſhew, and help your imagination to 
conce.ve, how great a ſpace may be impregnated with the effluxions of a body, often- 
times without any ſenſible, and oftener without any conſiderable decrement in bulk, or 
weight, of the body that affords them. And in order to this, though I ſhall not pre- 
tend to determine preciſely how little the ſubſtances I am to inſtance in, would waſte 
upon the balance, becauſe you will very eaſily ſee, they are not that way to be «a: 
mined ; yet I preſume you will as eaſily grant, that the decrement of weight would be 
but inconſiderable, ſince, of ſuch light ſubſtances, the loſs even of bulk is fo; which 
laſt clauſe I ſhall now attempt to make good, by ſetting down ſome obſervations, partly 
borrowed from the writings of approved phy ſicians, and partly, that my friends and [ 
have made about the durable evaporation of ſuch ſmall particles of the effluxions of ani- 
mals, as are actually not to be diſccrned by the eye to have any of thoſe things {ticking 
to them, which are fo very long in flying ſucceſſively away. 5 

IT is wont to be ſomewhat ſurpriſing to men of letters, when they firſt go a hawking 
with good ſpaniels, to obſerve with how great ſagacity thoſe dogs will take notice of, and 
diſtinguiſh by the ſcent, the places where partridges, quails, &c. have lately been. Bt 
J have much more wondered at the quick ſcent of an excellent ſetting-dog, who, by his 
way of ranging the fields, and his other motions, eſpecially of his head, would not 
only intimate to us the kinds of game, whoſe ſcent he chanced to light on, but would 
diſcover to us where partridges have been, though perhaps without ſtaying in tut 
place, ſeveral hours before, and aſſiſt us to gueſs how long they had been gone before we 


came, 


I nave had ſtrange anſwers given me in Ireland, by thoſe who make a gain, if not 
an entire l. velihood, by killing of wolves in that country (where they are paid ſo much 
for every head they bring in) about the ſagacity of that peculiar race of dogs they em- 
ploy in hunting them ; but not truſting much to thoſe relators, I ſhall add, that a very 
ſober and diſcreet gentleman of my acquaintance, who has often occaſion to emploſ 
blood-hounds, aſſures me, that if a man have but paſſed over a field, the ſcent will lie, 
as they ſycak, ſo as to be perceptible enough to a good dog of that fort for ſeveral 


hours after. And an ingenious hunter aſſures me, that he has obſerved, that the = 
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of a flying and heated deer will ſometimes continue upon the ground from one day 
to the next following. f 

Aub now we may conſider theſe three things; firſt, that the ſubſtance left upon the 

raſs, or ground, by the tranſient tread of a partridge, hare, or other animal, that does 
but paſs along his way, does probably communicate to the graſs, or ground, but ſome 
of choſe effluxions that tranſpire out of his feet, which being ſmall enough to eſcape 
the diſcernment of the eye, may probably not amount to one grain in weight, or per- 
haps not to the tenth part of it. Next, that the parts of fluid bodies, as ſuch, are per- 

tually in motion, and ſo are the inviſible particles that ſwim in them, as may appear 
by the diſſolution of ſalt or ſugar in water, and the wandering of aqueous vapouts 
through the air, even when the eye perceives them not. And thirdly, that though the 
atmoſphere of one of theſe ſmall parcels of the exhaling matter we are ſpeaking of 
may oftentimes be exceeding valt, in compariſon of the emittent body, as may be 
gueſſed by the diſtance at which ſome ſetters, or blood-hounds, will find the ſcent of 
2 partridge, or deer; yet in places expoſed to the free air, or wind, it is very likely, 
that theſe ſteams are aſſiduouſly carried away from their fountain, to maintain the fot e- 
mentioned atmoſphere for ſix, eight, or more hours, that is, as long as the ſcent has 
been obſerved to lie, there will be requiſite a continual recruit of ſteams ſucceeding one 
another: and, that ſo very ſmall a portion of matter, as that, which we were ſaying 
the fomes of theſe ſteams may be judged to be, being ſenſibly to impregnate an atmo- 
ſphere incomparably greater that itſelf, and ſupply it with almoſt continual recruits, we 
cannot but think that the ſteams it parts with, muſt be of an extreme, and ſcarce con- 
ceiveable minuteneſs. 

Axp we may further conſider, that the ſubſtances which emit theſe ſteams, being 
ſuch as newly belonged to animals, and were, for the moſt part, tranſpired through the 
pores of their feet, muſt be in likelihood a far more evaporable and diſſipable kind of 
bodies, than minerals or aduſt vegetables, ſuch as gunpowder is made of; fo that if the 
grains of gunpowder emit effluviums capable of being, by ſome animals, perceived at a 
diſtance by their ſmell, one may probably ſuppoſe, that the ſmall grains of this powder 


may hold out very many times longer to ſupply an atmoſphere with odorable ſteams, 


than the corpuſcles left on the ground by tranſient animals. | 
N ow though it be generally agreed on, that very few birds have any thing near ſo 


quick a ſenſe of ſmelling, as ſetting-dogs, or blood-hounds, yet, that the gdour of gun- 


powder, eſpecially when aſſiſted by the ſteams of the caput mortuum of powder formerly 
fired in the ſame gun, may by fowls be ſmelt at a notable diſtance, particularly when 
the wind blew from me towards them, I often perſuaded myſelf I obſerved, eſpecially 
as to crows, when 1 went a ſhooting ; and was confirmed in that opinion, both by the 
common tradition, and by ſober and ingenious perſons much exerciſed in the killing of 
wild-fowl, and of ſome four-ſooted beaſts. | 

I Har forgotten to take notice of one obſervation of the experienced Tulius Palma- 
rius: whence we may learn, that beaſts may leave upon the vegetables, that have 
touched their bodies for any time, ſuch corpulcles, as though unheeded by other ani- 
mals, may, when eaten by them, produce in them ſuch diſeaſes as the infected animals 
had. For this author writes, in his uſeful tract De morbis centagigſis, that he obſerved 
horſes, beeves, ſheep, and other animals, ro run mad upon the eating of ſome of the 
ſtraw on which ſome mad ſwine had lain. | 

AND now to reſume and proſecute our former diſcourſe, you may take notice, that 
the effluvia, mentioned to have been ſmelt by animals, are, though inviſible, yet big 
| <nough to be the objects of ſenſe ; ſo that it is not improbable, that among the ſteams, 
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that no ſenſe can immediately perceive, there ſhould be ſome far more ſubtil th, the 
and conſequently capable of furniſhing an atmoſphere much longer, without 10 
1 hauſting the effluviating matter that afforded them. er Ie er. 
1b. s . | . 2 : 
825 2 e A author, recites an example of peſtilential contagion long pre. 
 ALEXANnDrR BENEDICTUS Writes alſo, that at Venice a flock-bed did for man 
harbour a peſtiterous malignity to that degree, that when afterwards it came to 21 
it preſently infected the by-ſtanders with the plague. , 
Lib. IV. And the learned Sennertus himſelf relates, that in the year one thouſand five hy 
de Feb. dred and forty-two, there did in the city of Uratiſtavia, vulgarly Breſflaw where of 
cap. 3* afterwards practiſed phyſick, die of the plague, in leſs than ſix months lire! | . 
E N W , Woruns, NICE leſs than 
ſix thouſand men, and that from that time the peſtilential contagion was kept folded u 
in a linen cloth about fourteen years, and at the end of that time being diſplayed in ano. 
1 city, it began a plague there, which infected allo the neighbouring towns, and other 
aces. | 
Lib. III. TxrIincAveLLa makes mention of a yet laſtinger contagion, which occaſioned the 
Con. 17. death uf ten thouſand perſons, that lay lurking in certain ropes, with which, at Ju inopo. 
lis, thoſe, that died of the plague, had been let down into the graves. N 
Bur though none of theſe relations ſhould, to ſome criticks, appear ſcarce credible, it 
may be objected, that all theſe things, wherein this contagion refided, were kept cloſe 
ſhut up, or at leaſt were not expoſed to the air. Wherefore having only intimated, that 
the exception, which I think is not irrational, would, though never ſo true, but leſſen 
the wonder ot theſe ſtrange relations, without rendering them unfit for our preſent pur- 
poſe, I ſhall add, that though it is the opinion of divers learned phyſicians, that the 
matter harbouring contagion cannot laſt above twenty, or a few more days, if the body 
it adheres to be expoſed to the free air and the wind; and though I am not forward to 
deny, that their judgment may hold in ordinary caſes ; yet I mult not deny neither, 
that a contagion may ſometimes happen to be much more tenacious, and obſtinate : of 
Lib. IV. which I ſhall give but that one, almoſt recent inſtance, obſerved by the learned Diemer- 
de Felle. Ir oet, in his own apothecary, who having but removed with his foot, from one ſide 
to the other of a little arbour in his garden, ſome ſtraw, that had lain under the pallet, 
on which near eight months before a bed had lain, wherein a ſervant of the apothecary's, 
that recovered, had been ſick of the plague ; the infectious ſteams preſently invaded the 
lower part of his leg, and produced a pungent pain and bliſter, which turned to a 
peſtilential carbuncle, that could ſcarce be cured in a fortnight after, though, during that 
time, the patient were neither feveriſh, nor, as to the reſt of his body, ill at eaſe. 
This memorable inſtance, together with ſome others of the like kind, that our author 
obſerved in the ſame city of Nimeguen, obtained, not to ſay extorted, even from him, 
this confeſſion ; which I add, becauſe it contains ſome conſiderable, and not yet men- 
tioned circumſtances of the recited caſe : Hoc exemplo medicorum doctrina de contagio in 
fomite latente ſatis confirmatur. Mirum tamen eji, hoc contagium tanto tempore in pre. 
ditto ftramine potuiſſe ſubſitere, utpote quod tota hyeme ventis & pluviis (he adds in an- 
ther place) nivibts & frigori, expeſitum fuiſſet. 
Axp now I will ſhut up this chapter with an inſtance, that ſome will think, 
perhaps, no lefs ſlrange than any of the reſt; which is, that* though they that 
are ſkiiful in the periuming of gloves, are wont to imbue them with but an i. 
conſiderable quantity of odoriferous matter, yet I have by me a pair of Spanjb 
gloves, which I had by the favour of your fair and virtuous ſiſter (F.) that were 


ſo ſkilfully perfumed, that partly by her, partly by thoſe that preſented them * 
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«2 rarity, and partly by me, who have kept them ſeveral years; they have been 
al t about eight or nine and twenty years, if not thirty, and they are ſo well ſcented, 
4 they may, for aught I know, continue fragrant divers years longer. Which in- 
{ance if you pleaſe to refle&t upon, and conſider, that ſuch gloves cannot have been car- 
ried from one place to another, or ſo much as uncovered, as they muſt often have 
been, in the free air, without diffuſing from themſelves a fragrant atmoſphere, we can- 
not but conclude thoſe odorous ſteams to be unimaginably ſubtil, that could for fo 
long a time iſſue out, in ſuch ſwarms, from a little perfumed matter lodged in the 
pores of a glove, and yet leave it richly ſtocked with particles of the ſame nature; 
though, eſpecially by reaſon of ſome removes, in which I took not the gloves along g 
with me, 1 forgot ever ſince I had them, to keep them ſo much as ſhut up in a box. 
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HEY that are wont, in the eſtimates they make of natural things, to truſt too 
much to the negative informations of their ſenſes, without ſufficiently conſulting 
their reaſon, have commonly but a very little and flight opinion of the power and effi- 
cacy of efluviums : and imagine that ſuch minute corpuſcles (if they grant that there 
are ſuch) as are not, for the moſt part of them, capable to work upon the tendereſt 
and quickeſt of ſenſes the fight, cannot have any conſiderable operation upon other bo- 
dies. But I take this to be an error, which, as it very little becomes philoſophers, fo 
it has done no little prejudice to philoſophy itſelf, and perhaps to phy ſick too. And 
therefore though the nature of my deſign at preſent did not require it, yet the import- 
ance of the ſubject would invite me to ſhew, that this is as ill- grounded as prejudicial a 
ſuppoſition, 

AND indeed if we conſider the ſubject attentively, we may obſerve, that though it be 
true, that, ceteris paribus, the greatneſs of bodies doth, in moſt caſes, contribute to 
that of their operation upon others, yet matter or body being, in its own preciſe nature, 
an vnaclve or moveleſs ſubject, one part of the maſs acts upon another, but upon the 
account of its local motion, whole operations are facilitated and otherwiſe diverſified by 
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the ſhape, ſize, fituation, and texture both of the agent and of the patient, And there 
fore it corpuſcles, though very minute, be numerous enough, and having a cOmpetert 
degree of motion, even theſe ſmall particles, eſpecially if fitly ſhaped, when they on 


to mect with a body, which the congruity of its texture diſpoſes to admit them ar in 


pores, and. receive their either friendly or hoſtile impreſſions, may perform ſuch thi 
in che patient, as viſible and much groſſer bodies, but leſs 'conveniently ſhaped and 
moved, would be utterly unable on the ſame body to effect. | 

Anp that you may with the leſs difficulty allow me to ſay, that the em. 
viums of bodies, as minute as they are, may perform conſiderable things, give 
me leave to obſerve tofiyou, that there are at leaſt ſix ways, by which the effluviums of 
a body may no.ably operate upon another; namely, 1. By the great number of 
emitted corpuſcles. 2. By their penetrating and pervading nature. 3. Ey their cc lerity 
and other modifications of their motion. 4. By the congruity and incongruity of their 
bulk and ſhape to the pores of the bodies they are to act upon. 5. By the motions of 
one part upon another, that they excite or occaſion in the body they work upon, accord. 
ing to its ſtructure. And, 6. by the fitneſs and power they have to make themſelves 


be aſſiſted, in their working, by the mere catholic agents of the univerſe. And though 


it may perhaps be ſufficiently proved, that there are ſeveral caſes wherein a body that 
emits particles, may act notably upon another body, by this or that ſingle way, of thoſe 
1 have been raming ; yet uſuaily the great matters are performed by the aſſociation of 
two, three, or more of them, concurring to produce the ſame effect. Upon which 
ſcore, when I ſhall in the following paper refer an inſtance, or a phznomenon, to any 
one of the forementioned heads, I deſire to be underſtood as looking upon that but as the 
head to which it chiefly relates, without excluding the reſt. 


8 N 


Takixc thoſe things for granted, that have, I hope, been ſufficiently proved ia the 
former tract about the ſubtilty of effluviums, I ſuppoſe it will readily be allowed, that 
the e manations of a body may be extremely minute; whence it may be rightly interred, 
that a ſmall portion of matter may emit great multituges of them. 

Now, that the great number of agents may in many caſes compenſate their littleneß, 
eſpecially where they act, or reſiſt per modum unius, as they ſpeak, men would perhaps 
the more eaſily grant, if they took notice to this purpoſe of ſome familiar inſtances, 
We ſee, that not only leſſer land- floods, that overflow the neighbouring fields, but 
thoſe terrible inundations, that ſometimes drown whole countries, are made by bodies 
ſingly fo ſmall and inconſiderable as drops of rain, when they continue to fall in thole 
multitudes we call thowers. | | 


So the aggregates of ſuch minute bodies as grains of ſand, being heaped together in 


ſufficient numbers, make banks, wherewith greateſt ſhips are ſometimes ſplit, nay, and 
ſerve in molt places for bounds to the ſea itſelf. | 

Anp though a fingle corn of gunpowder, or two or three together, are not of ſoice 
to do much miſchief, yet two or three barrels of thoſe coras, taking fire together, are 
able to blow up ſhips and houſes, and perform prodigious things. 

Bur inſtead of multiplying ſuch inſtances, afforded by bodies of ſmall indeed, but yet 
viſible bulk, I ſhall (as ſoon as I have intimated, that the above-mentioned drops of rain 
themſelves conſiſt of convening multitudes of vapours moſt commonly inviſible in ther 
aſcent) endeavour to make out what was propoſed, by two or three inſtances drawn from 
the operations of inviſible particles. 15 
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Ayp firſt, we ſee, that though aqueous vapours be looked upon as the fainteſt and 
eaſt active effluviums, that we know of; yet when multitudes of them are in rainy 
weather diſperſed thorough the air, and are thereby qualified to work on the bodics ex- 
ed to it, their operations are very conſiderable, not only in the diflolution of ſalts, as 

(-a-falt, ſalt of tartar, &c. and in the putreſactive changes they produce in many bodies, 
but in the intumeſcence they cauſe in oak and other ſolid woods; as appears by the dif- 
ficulty we often find in and before rainy weather, to ſhut and open doors, boxes, and 
other wooden pieces of work, that were before fit enough for the cavities they had been 

juſted to. 
* MIGHT here urge, that though the ſtrings of viols and other muſica] inſtruments 
are ſometimes ſtrong enough to ſuſtain conſiderable weights, yet if they be left ſcrewed 
to their full tenſion (as it frequently happens) they are oftentimes, by the ſupervening of 
moiſt weather, made to break, not without impetuoſity and noiſe. But it may ſuit better 
with my prefent aim, if I mention on this occaſion (what I elfewhere more fully take 
notice of) being deſirous to try, what a multicude even of aqueous ſteams may do, I 
cauſed a rope, that was long, but not thick, and was in part ſuſtained by a pully, to 
have a weight of lead ſo faſtened to the end of it, as not to touch the ground, and after 
the weight had leiſure allowed it to ſtretch the cord as far as it could, I obſerved, that 
in the moiſt weather the wateriſh particles that did inviſibly abound in the air, did fo 
much work upon and ſhorten the rope, as to make it lift up the hanging weight, which 
was, if I mil-remember not, about an hundred pounds. 

Taz inviſible ſteams iſſuing out of the walls of a newly plaiſtered or whited room, 
are not ſenſibly prejudicial to thoſe that do but tranſiently viſit it, or make but a very 
ſhort ſtay in it, though there be a charcoal-fire in the chimney ; but we have many in- 
ſtances of perſons, that by lying for a night in ſuch rooms, have been the next morning, 
or ſooner, found dead in their beds, being ſuffocated by the multitude of the noxious va- 
pours emitted during all that time. | | 

Axp here I think it proper to obſerve, that it may much aſſiſt us to take notice of the 
multitude of effluvia, and make us expect great matters from them, to conſider that 
they are not emitted from the body, that affords them, all at once, as hail-ſhot out of a 
gun, but iſſue from it, as the vaporous winds do out of an æolipile well heated, or waters 
out of a ſpring-head in continued ſtreams, wherein freſh parts (till ſucceed one another; 
ſo that though as many effluxions of a body as can be ſent out at one time, were numerous 
enough to act but upon its ſuperficial parts, yet the emanation of the next minute may 
get in a little farther, and each ſmalleſt portion of time ſupplying freſh recruits, and 
perhaps urging on the ſteams already entered, the particles may at length get into a 
muliitude of the pores of the invaded body, and penetrate it to the very innermoſt parts. 


E 


I comg now to ſhew, in the ſecond place, that the ſubtil and penetrating nature of 
eluviums may, in many caſes, co-operate with their multitude in producing notable 
effects ; and that there are effluviums of a very piercing nature, though we ſhall not now 
enquire upon what account they are ſo, we may cvince by ſeveral examples. For not 
only the inviſible ſteams of good aqua-fortis and ſpirit of nitre do uſually in a ſhort time, 
and in the cold, ſo penctrate the coiks wherewith the glaſſes that contained them, were 
ſtopped, as tO reduce them into a yellow Pap z but allo the emanations of mercury have 
been jometimes found in the form of coagulated, or even of running mercury, in the heads 

or 


©0509 


Of the great Efficacy of Effluvinms. | 


or very bones of thoſe gilders, or venereal patients, that have too long, or too unadviſ. 


edly, been expoſed to the fumes of it, though they never took quickſilver in its | Wi 
ſubſtance. Chymiſts too, often find in their laboratories, that the ſteams of ful eder tit 
antimony, arſcnick, and divers other minerals, are able to make thoſe ſtagger, or 2 inn 
ſtrike them down, that without a competent warineſs unlute the veſſels, wherein the! ſpl 
had been diſtilled or ſubſimed; of which I have known divers ſad examples. Ang f Ins 
the penetrancy, even of animal ſteams, we may eaſily be perſuaded, if we conſider r ye 
ſoon in many plagues the contagious, though inviſible exhalations are able to reach the mn 
heart, or infect other internal parts; though in divers of theſe caſes the blood helps to ad 
convey the infection, yet {ti!] the morbifick particles muſt get into the. body before the 

can infect the maſs of blood. And in thoſe ſtupefactions that are cauſed at a diſtance 

by the torpedo, the parts mainly affected ſeem to be the nervous ones of the hand and 

arm, Which are of the moſt retired and beſt fenced parts of thoſe members. And there 
is a ſpirit of ſal armoniack, that I make to ſmell to, whoſe inviſible ſteams, unexcited by 

heat, are of ſo piercing a nature, that not only they will powerfully affect the eyes and 11 
noſtrils, and throats, and ſumetimes the ſtomachs too (yet without proving vomitive) of 0 
the patients they invade, bur allo when a great cold has ſo clogged the organs of ſmelling, wy 
that neither ſweet nor ſtinking odours would at all affect them, theſe piercing ſteams have 10 
not only in a few minutes boch made themſelves a way, and, which is more, ſo opened 1g 


the paſſages, that ſoon after the patient has been able to ſmell other things alſo, And by * 
the ſame penetrating ſpirit, a perſon of quality was, ſome time ſince, reſtored to a power f 


of ſmelling, which he had loſt for divers years (if he ever had it equally with other T 
men) I could eaſily ſubjoin examples of this kind, but they belong to other places. And 0 
here I ſhall only add, that the ſteams of water itſelf, aſſiſted by warmth, are capable cf hes 
diſſolving the texture of even hard and ſolid bodies, that are not ſuſpected to be ſaline; 0 
as appears by the philolophical calcination (as chymiſts call it) wherein ſolid pieces of fan 
hartſhorn are brought to be eafily friable into powder, by being hung over waters, whilſt ett 
their ſtrams riſe in diſtillation, and without the help of furnaces. The exhalations that "= 
uſually ſwim every night in the air, and almoſt every night fall to the ground in the form blo 
of dews (which makes them be judged aqueous) are in many places of the torrid zone wa 


of ſo penetrating a nature, that, as eye-witnefſes have informed me, they would, in a ſte: 
very ſhort time, make knives ruſt in their ſheaths, and ſwcrds in their ſcabbards, nay, 


are 
and watches in their caſes, if they did not conſtantly carry them in their pockets. And foe 
I have known even in Ergland divers hard bodies, into which the vapours ſwimming 
in the air have inſinuated themſelves fo far as to make them friable throughout. But of ho 


the penetration of effluviums, I have given, in ſeveral places, ſo many inſtances, that it 
is nut neceſſary to add any here. And therefore to ſhew, thar, as I intimated at the ER 
beginning of this chapter, the penetrancy ard the multitude of effluviums may much afli 
each other, I ſhall now ſubj in, that we muſt not for the moſt part look upon efilu- 
viums, as ſwarms of corpuſcles that only beat againſt the outſides of the bodies the 
invade, but as corpuſcles, which by reaſon of their great and fr. quently recruited num- 
bers, and by the extreme ſmallneſs of their parts, infinuate themſelves in multitudes into 
the minute pores of the bodies they invade, and often penctrate to the innermoſt of them: 
ſo that, though each ſingle corpulcle, and its diſtin& action, be inconſiderable, in reſpect 
of the multitude of parts that compoſe the body to be wrought on; yet a vaſt multitude 
of theſe little agents working together upon a correſpondent number of the {mall parts 
of the body they pervade, they may well be able to have powerful effects upon the body 
that thoſe parts conſtitute; as, in the caſe mentioned in the former chapter, the rope 
would not probably have been enabled to raile ſo great a weight, though a _— 
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ind had blown againſt it, to make it loſe its perpendicular ſtraightneſs, but a vaſt mul- 
wi Je of watery particles, getting by degrees into the pores of the rope, might, like an 
nn e company of little wedges, ſo widen the pores, as to make the threads or 
* z of hemp, the rope was made up of, ſwell, and that ſo forcibly, that the depend- 
x weight could not hinder the ſhortening of the rope, and therefore muſt of neceſſity 
be raiſed thereby. And I have more than once known ſolid, and even heavy mineral 


bodies burſt in pieces by the moiſture of the air, though we kept them within-doors 


carefully ſheltered from the rain. 
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Tur the celerity of the motion of very minute bodies, eſpecially conjoined to their 
multitudes, may perform very notable things, may be argued from the wonderful effects 
of fired gunpowder, aurum fulminans, of flames, that inviſibly touch the bodies they 
work on, and alſo whirlwinds, and thoſe ſtreams of inviſible exhalations and other acrial 
particles we call winds. But bzcauſe inſtances of this ſort ſuit not ſo well with the main 
ſcope of this tract, I ſhall not inſiſt on them, but ſubjoin ſome others, which, though 
leſs notable in themſelves, will be more congruous to my preſent deſign, That the cor- 
puſcles, whereof odours conſiſt, ſwim to and fro in the air, as in a fluid vehicle, will 
by moſt, I preſume, be granted, and may be eaſily proved. But I have elſewhere ſhewn 
that the motion of the efluviums of ſome ſufficiently odorous bodies has too little celerity 
to make a ſenſible impreſſion on the organs of ſmelling, unleſs thoſe ſteams be aſſiſted to 
beat more forcibly upon the noſtrils by the air, which hurries them along with ir, when 
it enters the noſtrils in the form of a ſtream, in the act of inſpiration. And I have by 
familiar obſervation of hunters, fowlers, and partly of my own, made manifeſt, that 
ſetting-dogs,, hounds, crows, and ſome other animals, will be much more affected with 
ſcents, or the odorous effluvia of partridges, hares, gunpowder, &c. when the wind 


blows from the object towards the ſenſory, than when it fits the contrary way, which 


way ſoever the noſtrils of the animal be obverted, ſo the air be imbued with the odorous 
ſteams ; and conſequently the difference ſeems to proceed from this, that when the noſtrils 
are obverted to the wind, the current of the air drives the ſteams forcibly upon the ſen- 
ſory, which otherwiſe it does not. 

THar there is a briſkneſs of motion requiſite, and more than ordinarily conducive to 
electrical attractions, may be argued from the neceſſity that we uſually find by rubbing 
amber, jett, and other electrical bodies, to make them emit thoſe ſteams, by which it is 
highly probable their action is performed; and though I have elſewhere ſhewn that this 
precedent rubbing is not always neceſſary to excite all electrical bodies; yet in thoſe that 
| made to attract without it, it would operate much more vigorouſly after attrition z which 
I conceive makes a reciprocal motion amongſt the more ſtable parts, and does thereby, 
as it were, diſcharge and ſhoot out the attracting corpuſcles; whoſe real emiſſion, though 
it may be probably argued from what has been already ſaid, ſeems more ſtrongly provable 
by an obſervation that I made many years ago, and which I have been lately informed to 
have been long ſince made by the very learned Fabri. The obſervation was this; that 


3 it, when we took a vigorouſly excited electrick, we did, at a certain nick of time (which 


circumſtances may much vary, but was uſually almoſt as ſoon as the body was well rub- 
; bed) place it at a juſt diſtance from a ſuſpended hair, or other light body, or perhaps tiom 
W ome light powder; the hair, & c. would not be attracted to the electrick, but driven 
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away from it, as it ſeemed, by the briſkly moving ſteams that iſſue ou 
other light body. 0 t of the amber ot 

Tris argument I could confirm by another phznomenon or two, of affinity with i; 
if I ſhould not borrow too much of what I have elſewhere noted about the bit ty, 
electricity. | Ay of 

I xxow a certain ſubſtance, which, though made by diſtillation, does in the cold ea; 
but a very mild and inoffenſive ſmel], but when the veſſel that holds it is heated hows 
no ſeparation of conſtituent principles appear to be thereby made (the body bein 12 
uſual trials homogeneous) the effluviums will be ſo altered, that remember a Nik 
that, to fatisf; his curioſity, would needs be ſmelling to it, when it was heated es 
plained to me, that he thought the ſteams would have killed him, and that the efMuviums 
of ſpirit of ſal armoniack itſelf were nothing near ſo ſtrong and piercing as thoſe, 

Anp even among ſolid bodies, I know ſome, which, though abounding much in: 
ſubſtance, wherein ſome rank ſmells principally reſide, yet (if they were not chafed) wer 
ſcarce at all ſenſibly odorous ; but upon the rubbing of them a little one againſt th 
other, the attrition making them. as it were, dart out their emiſſions, would in a minute 
or two make them ſtink egtegiouſly. 

AnD as the celerity of motion may thus give a vigour to the emanations of bodies, 
fo there may be other modifications of motion that may contribute to the ſame thing, and 
are not to be wholly neglected in this place. For as we fee that greater bodies do ope· 
rate differingly, according to ſuch and ſuch modifications; as there is a great difference 
between the effects of a dart, or javelin, fo thrown, as that its point be always forwards, 
and the fame weapon, if it be ſo thrown, that during its progreſſive motion the extremes 
turn about the center of gravity, or ſome inward parts, as it happens, when boys throy 
ſticks to beat down fruit from the tops of trees; ſo there is little doubt to be made, but, 
that in corpuſcles themſelves, it is not all one, as to their effects, whether they more 
with, or without rotation, and whether in ſuch or ſuch a line, and whether with, or 
without undulation, trembling, or ſuch a kind of conſecution; and in ſhort, whether the 
motion have, or have not this or that particular modification; which, how much it may 
diverſify the effects of the bodies moved, may appear by the motion that the aerial par 
ticks are put into by muſical inſtruments. For though the effects of harmony, diſcord, 
and peculiar ſounds, be ſometimes very great, not only in human bodies, but, as we tal 
ſhew in the following tract, in organical ones too; the whole efficacy of mulick, and of 
ſounds, that are not extraordinary loud and different, ſeems, as far as it is aſcribatle 
to {onorous bodies, to depend upon the different manners of motion whereinto that ar 
1s put, that makes the immediate impreſſion on our organs of hearing, 


. . 


Isuoulp now proceed to ſhew, how the celerity and other modes, that diverſity the 
motion of efluviums, may be aſſiſted to make them operative by their determinate fas 
and figures, and the congruity or incongruity which they may have upon that core, with 
the pores of the groſſer bodies they are to work on; but 7 think it not fit to entrcacl 
upon the ſubject of another tract, where the relation betwcen the figure ot corp ut 
and the pores of groſſer bodies, is amply enough treated of. And therefore I cha on}, 
in this place, take notice of thoſe effects of lightning, which ſeem referrible, partly to 
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te and manner of appulſe, and partly to the diſtinct ſizes and ſhapes of the corpuſ- 
celer 2 t compoſe the deſtructive matter, and to the peculiar relation between the particles 
__ 3 and the ſtructure of the bodies they invade. I know, that many ſtrange 
2 © hi are delivered about the effects of what the Latins call fulmen, which our 
Toſh word lightning does not adequately render, are but fabulous ; but there are but 
w_= ny that are not ſo; ſome of which I have been an eye-witneſs of, within leſs than 
3 of an hour after that the things happened. And though it be very difficult to 
K particularly many of theſe true phænomena, yet it ſeems warrantable enough 
3 from them, that there may be agents ſo qualified, and ſo ſwiftly moved, that 
botwithſtanding their being ſo exceedingly minute, as they muſt be, to make up a flame, 


which is a fluid body, they mult, in an imperceptible time, pervade ſolid bodies, and 


traverſing ſome of them, without violating their texture, burn, break, melt, and pro- 
duce other very great changes in other bodies, that are fitted to be wrought on by them. 
And of this, I muſt not forget to mention this remarkable inſtance z that a perſon curious 
enough to collect many rarities, bringing me one day into the ſtudy, where he kept the 
| choiceſt of them, I ſaw there, among other things, a fine pair of drinking-glaſſes, that 
were ſomewhat ſlender, but extraordinarily tall ; they ſeemed to have been deſigned to 
reſemble one another, and made for ſome drinking entertainment. But before I ſaw 
them, that reſemblance was much leſſened by the lightning, that fell between them in fo 
ſtrange a manner, that, without breaking either of them, that 1 could perceive, it altered 
a little the figure of one of them, near the lower part of the cavity ; but the other was 
ſo bent, near the ſame placc, as to make it ſtand quite awry, and give it a poſture that 
I beheld not without ſome amazement. And I cannot yet but look upon it as a very 
ſtrange thing, and no leſs conſiderable to our preſent purpoſe, that nature ſhould, in the 
| free air, make of exhalations, and that ſuch as probably, when they aſcended, were in- 


viſible, ſuch an aggregate of corpuſcles, as ſhould, without breaking ſuch frail bodies as 


glaſies, be able in its paſſage thorough them, that is, in the twinkling of an eye, to melt 
them; which to do is wont, even in our reverberatory furnaces, to coſt the active flames 
| a pretty deal of time. 
Axpo this calls into memory, that upon a time, hearing not far off from me ſuch a 
clap of thunder, as made me judge and ſay, that queſtionleſs ſome of the neighbourin 
| places were thunder- ſtruck, I tent preſently to make inquiry; which having juſtified my 
conjecture, I forthwith repaired to the houſe, where the miſchief was done by ſome- 
thing, which thoſe that pretended to have ſeen it coming thither, affirmed to be like a 
flame, moved very obliquely. To omit the hurt, that ſeemed to have been done by a 
wind, that accompanied it, or was perhaps produced by it, to divers perſons and cattle ; 
that, which makes me here mention it, was, that obſerving narrowly what had happened 
in an upper room, where it firſt fell, 1 ſaw, that it had, in more than one place, melted 
the lead in its paſſage, though that poſſibly outlaſted not the twinkling of an eye, wichout 
WW 2:caking to pieces the glaſs caſements, or burning, that I took notice of, either the bed, 
or hangings, or any other combuſtible houſchold- ſtuff; though, near the window, it had 
brown down a good quantity of ſolid ſubſtance of the wall, through which it ſeemed 
o have made its paſſage in or out. And that which made me the leſs ſcruple to men- 
don this accident, is, that having curiouſly pried into the effects of the fulmen, not only 
in that little upper room, but in other parts of the houſe, beneath whoſe lowermoſt parts 
it ſeemed to have ended its extravagant courſe, I could not but conclude, that if ſo be 
it were the ſame fulmen, it muſt have more than once gone in and out of the houſe, and 
dar the line of its motion was neither ſtraight, nor yet reducible to any curve or mixed 
aao, that J had met with among mathematicians; but that, as I then told ſome of my 
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friends, it moved to and fro in an extravagant manner, not unlike the irr 
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egular and 


wriggling motion of thoſe fired ſquibs, that boys are wont to make by ramming 
powder into quills. But about thunder, more perhaps elſewhere. I ſhall here only Jen] 
that whereas it is a known tradition, which my own obſervations heedfully made % 
now and then to confirm, that vehement thunder, if beer be not very ſtrong vil 
uſually (for I do no not ſay always) ſour it in a day or two; if this degeneration he not 
one of the conſequences of the great and peculiar kinds of the concuſſions of the ar 
that happens in loud thunder (in which caſe, the phænomenon will belong to the nen 
diſcoutſe) the effect may probably be imputed to ſome ſubtil exhalations diffuſed tho. 
rough the air, which, penetrating the pores of the wooden veſſels, whoſe contexture is 
not very cloſe, imbue the liquor with a kind of acetous ferment : which conjecture 1 
ſhould think muck confirmed by a trial, it ſuggeſted to me, if I had made it often enough 
to rely upon it. For conſidering that the pores of glaſs are ſtraight enough to be imper- 
vious (for augbht I have yet obſerved) to the ſteams or ſpirituous parts of ſulphur, as well 
as to other odorous exhalations, I thought it worth trying whether there be any ſulphy. 
reous ſteams or other corpuſcles diffuſed thorough the air in time of thunder, that would 
not be too gro's to get in at ſuch minute pores as thoſe of glaſs. And accordingly, 
having hermetically ſealed up both beer and ale apart, I kept them in ſummer-time, til 
there happened a great thunder, a day or two after which the beer, which we drank, that 
was good before, being generally complained of, as ſoured by the thunder, I ſuffered 
my liquors to continue at leaſt a day or two longer, that the ſouring ſteams, if any ſuch - 
there were, might have timeenough to operate upon them, and then breaking the glaſſes, 
I found not that the liquors had been ſoured, though we had purpoſely forborn to fil 
the glaſſes, to facilitate the degeneration of the liquors. Perhaps it will be pardonable, 
on this occaſion, to mention a practice, which is uſual in ſome places where 1 have been, 
and particularly employed by a great lady, that is, a great houſekeeper and is very cu- 
rious and expert in divers phy ſical obſervations ; for, talking with her about the remedies 
of the ſouring of beer, and other drinks, by thunder, which is ſometimes no ſmall pre- 
judice to her, ſhe affirmed to me that ſhe uſually found the practice I was mentioning,, 
ſucceed; and, that before the then laſt great thunder, of which I had obſerved the effects 
upon beer, ſhe preſerved hers by putting, at a convenient diſtance, under the barrels, 
chafing-diſhes of coals, when ſhe perceived that the thunder was like to begin, which 
practice, if it conſtantly ſucceed, may put one a conſidering, whether the fire do not, 
by rarefying the air, and diſcuſſing the ſulphureous or other ſteams, by altering them, or 
by uniting with them the exhalations of the coals, or by ſome ſuch kind of way, render 
ineffectual theſe ſouring corpuſcles, which perhaps require a-determinate bulk and ſhape, 
beſides their being crouded very many of them together, to have their full operation on 
barrelled liquors. But theſe things are but mere conjectures, and therefore I proceed, 


HK P. VI. 


Tux fiſth way, whereby effluviums may perform notable things, is the motion of one 
part upon another, that they may excite or occaſion in the body they work on, according 
to its ſtructure. | SE 

I SHALL, in the following tract, have occaſion to ſay ſomething of the motions inte 
which the internal parts of inanimate bodies may put one another; but the examples 
now produced are deſigned to manifeſt the efficacy that efluviums may, on the newly- 


mentioned accounts, have on organical and living bodies. To which inſtances, it * 
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t be proper to premiſe, that even inanimate and ſolid bodies may be of ſuch a ſtruc- 


re, as to be very much alterable by the appropriated effluviums of other bodies, as 
_— be inſtanced in the power, that I have known ſome vigorous loadſtones to have, 
f taking away, in a trice, the attractive virtue of an excited needle, or giving a verticity 
directly contrary to the former, without ſo much as touching it. 

Aup we may pertinently take notice of the attractive virtue of the loadſtone, as that 
which may afford us an eminent example of the great power of a multitude of inviſible 
efMuviums, even from bodies that are not great, upon bodies that are inorganical or 
liveleſs ; for, taking it for granted, what both the Epicureans, Carteſhans, and almoſt 
all other corpuſcularian philoſophers agree in, that magnetiſm is performed by corporeal 


emiſſions, we may conſider, that theſe paſſing unreſiſtedly thorough the pores of all 


ſolid bodies, and even glaſs itſelf, which neither the ſubtileſt odours, nor electrical exha- 
lations are obſerved to do, ſeem to be almoſt incredibly minute, and much ſmaller than 
any other effluviums, though themſelves too ſmall to be viſible; and yet theſe ſo incom- 
parably little magnetical effluxions proceeding from vigorous loadſtones, will be able to 


take up conſiderable quantities of ſo ponderous a body as iron; inſomuch, that I have 


{cen a loadftone, not very great, that would keep ſuſpended a weight of iron, that I could 
hardly lift up to it with one arm; and I have feen a little one, with which I could take 
up above eighty times its weight. And theſe effluvia do not only for a moment faſten 
the iron to the ſtone, but keep the metal ſuſpended as Jong as one pleaſes. 

Tuis being premiſed, I come now to obſerve, that the chief effects of effluvia belong- 


ing to the fifth head are wrought upon animals, which, by virtue of their curious and 


elaborate ſtructure, have their parts ſo connected and otherwiſe contrived, that the mo- 
tions or changes that are produced in one, may have, by the conſent of parts, a mani- 


feſt operation upon others, although perhaps very diſtant from it, and ſo framed, as to 
declare their being affected by actions that ſeem to have no affinity at all with the agents 


that work upon the part firſt affected. 


I nave ſhewn at large, in another“ treatiſe, that a human body ought not to be 


looked upon merely-as an aggregate of bones, fleſh, and other conſiſtent parts, but as 


a moſt curious, and a living engine, ſome of whoſe parts, though ſo n.cely framed, as 
to be very eaſily affected by external agents, are yet capable of having great opcrations 


upon the other parts of the body they help to compoſe. Wherefore, without now re- 


peating what is there already delivered, I ſhall proceed to deliver ſuch effects as are wrought - 
on human bodies by theſe effluviums, without any immediate contact of the bodies that 


emit them. 

Axp, firſt, not to mention light, becauſe its being, or not being a corporeal thing, 
is much diſputed, even among the moderns; it is plain, that our organs of ſmelling 
are ſenſibly affected by ſuch minute particles of matter as the fineſt odours conſiſt of, 
Nor do they always affect us preciſely as odours, ſince we ſee, that many perſons, both 


men and women, are by ſmells, either ſweet or ſtinking, put into troubleſome head- 


achs. 


Ir it were not almoſt ordinary, it would be more than almoſt incredible, that the ſmell 


of a pleaſing perfume ſhould preſently produce, in a human body, that immediately be- 
fore was well and ſtrong, ſuch faintneſſes, ſwoons, loſs of ſenſible reſpiration, intumeſ- 


cence of the abdomen, ſeeming epilepſies, and really convulſive motions of the limbs, 


ana Þ Know not how many other frightful ſymptoms, that, by the unſkilful, are often 


taken for the effects of witchcraft, and would impoſe upon phy ſicians themſelves, if, 
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their own, or their predeceſſors experience did not furniſh them with exam 

like phenomena produced by natural means. Thoſe ſymptoms manifeſt what the conſ 

of parts may do in a human body; ſince even morbifick odours, if 1 may ſo call * na 

by immediately affecting the organs of ſmelling, affect ſo many other parts of the Mm 

nervoſum, as oftentimes to produce convullive motions, even in the extreme parts of by 

hands and feet. 
Nox is the cfficacy of effluviums confined to produce hyſterical fits, ſince theſe inviſibl 

a | e 
particles may be able, and ſometimes as ſuddeply, as perfumes are wont to excite them. 
to appeaſe them; as I have very frequently, though not with never-failing ſucceſs tried, 
by holding a ſpirit, I uſually make of ſal armoniack, under the noſtrils of hyſterical per 
ſons. My rem-dy did not only often recover, in a trice, thoſe whoſe fits were but orci. 
nary, but did, more than once, ſomewhat to the wonder of the by-ſtanders, reſieve 
within a minute or two, perſons of differing ages, and conſtitutions that were ſuddenly | 

fallen down by fits, that the by-ſtanders judged epileptical, but I, hyſterical. f 

I ATTRIBUTE the good and evil operations of the fore- mentioned ſteams, rather in 
general to the conſent of the parts that make up the genus nervoſum, than to any hidden 

iy mpathy or antipathy betwixt them and the womb, not only for other reaſons, not pro- 
per to be inſiſted on here, but becauſe I have known odours have notable effects even upon 
men. I know a very eminent perſon, a traveller, and a man of a ſtrong conſtitution, 
but conſiderably ſanguine, who is put into violent head-achs by the ſmell of muſk. And 

I remember, that one day being with him, and a great many other men of note, about 
| a publick affair, a man that had a parcel of muſk about him, having an occaſion to make 
Fi an application to us, this perſon was fo diſordered by the ſmell, which to moſt of us was 
43%] delightful, that, in ſpite of his civility, he was reduced to make us an apology, and 
HY ſend the perfumed man out of the room; notwithſtanding whoſe receſs, this perſon com- 
$4: plained to me, a good while after, of a violent pain in his head, which I perceived had 
Wal ſomewhat unfitted him for the tranſaction of the affair, whereof he was to be the chief 

| | manager. I know another perion, whole happy muſe hath juſtly made him many admi- 
| rers, that is ſubject to the head-ach upon ſo mild a ſmell as that of damaſk-roſes, and 
141 ſometimes even of red roſes; inſomuch, that walking one day with him in a garden, 
* 41. | whoſe alleys were very large, ſo that he might eaſily keep himſelf at a diſtance from the 

, | buſhes, which bore many of them red roſes, he abruptly broke off the diſcourſe we were 
| engaged in, to complain of the harm the perfume did his head, and deſired me to pals 
1 into a walk that had no roſes growing near it. 

"rt Ir it were not for the ſex of the perſon, I could relate an inſtance that would be much 
193 more conſiderable, of the operation of roſes. For I know a diſcreet lady, to whom their 
\'Þ | ſmell is not unpleaſing (for ſhe anſwered me, that it was not fo at all) but ſo hurtful, that 

. it preſently makes her ſick, and would make her ſwoon, if not ſeaſonably prevented; 
| and ſhe told me, that being once at a court, in which ſhe was a maid of honour, though 
ſhe herſelf did not know whence it came, ſhe found herſelf extremely ill on a ſudden, 
and ready to ſink down for faintneſs ; but being then in diſcourſe with a perſon, whole 
high quality ſhe paid her profound reſpect to, her civility, that kept her from complan- 
ing, or withdrawing, might have been dangerous, if not fatal to her, had not the pin. 
ceſs, who was ſpeaking with her, and who knew her antipathy to roſes, taken notice, that 
her face grew ſtrangely pale, and was covered with a cold ſweat. For thereby preſently 
gueſſing what might be the cauſe, which the ſick lady herſelf did not, ſhe aſked aloud, 
whether ſome body had not brought roſes (which were then in ſeaſon) into the bed-cham- 
ber, which queſtion occaſioned a ſpeedy withdrawing of a lady that ſtood at a diſtance olf 


and had about her roſes, which were not ſeen by the patient, Who was by this e 
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preſerved from falling into a ſwoon, though not from being for a while very much diſ- 
r. you ma tell me was the caſe of a woman ho complained her malady affected 
her heart, not her fad, Wherefore returning to what I was ſpeaking of before I men- 
tioned her, I ſhall proceed to tell you, that as odours may thus give men the head-ach, 
ſo I have often found the ſmell of rectified ſpirit of ſal armoniack to free men, as well as 
women, from the fits of that diſtemper; and that ſometimes in ſo few minutes, that 
the perſons relieved could ſcarcely imagine they could ſo quickly be ſo. 


To which I ſhall not add the trials that I have ſucceſsfully made upon myſelf, becauſe. 


being, thanks be to God, very ſeldom troubled with that diſtemper, the occaſions I 
have had of making them have not been many. And though I have not always found 
ſo flight a remedy to work the deſired cure, yet that it does it often, even in men, is 
ſufficient to ſhew the efficacy of ſanative effluviums. | 

Now to manifeſt that ſteams do not operate only upon hyſterical women, or perſons 
ſubject to the head-ach, I will add ſome inſtances of the effects they may produce upon 
other perſons and parts. | 

IT is but too well known an obſervation, that women with child have been often made 
to miſcarry by the ſtink of an ill- extinguiſhed candle, though perhaps the ſmoke aſcending 

from the ſnuff were diſſipated into the inviſible corpuſcles, a good while before it arrived 
at the noſtrils of the unhappy woman; and what violent and ſtraining motions abortions 
are frequently accompanied with, is ſufficiently known already. 

[ THINK I have elſcwhere mentioned, that a gentlewan of my acquaintance, a proper 
and luſty man, will be put into the fits of vomiting, by the ſmell of colfee boiled in 
water, [I ſhall therefore rather mention that I know a phyſician, who having been, for 
a long time, when he was young, frequently compelled to take electuarium lenitivum, 
one of the gentleſt and leaſt unpleaſant laxatives of the ſhops, conceived ſuch a diſlike 
of it, that ſtill, as himſelf has complained to me, if he ſmell to it, as he ſometimes hap- 
pens to do in apothecaries ſhops, it will work (now and then for ſeveral times) upwards 
and downwards with him. 

I xnow another very ingenious perſon of the fame faculty, that has been a traveller 
by fea and land, who has complained to me, that the ſmell of the greaſe of the wheels 
of a hackney-coach, though it do but paſs by him, is wont to make him ſick, and ready 
to vomit, 

Every body knows that ſmoke is apt to make mens eyes water, and excite, in the 
organs of reſpiration, that troubleſome and vehement commotion we call coughing. But 
we need not have recourſe at all to viſible fumes, for the production of the like effects; 
lince we have often obſerved them, and repeated ſneezings, to- boot, to proceed from the 
mvitible ſteams of ſpirit of ſal armoniack, when phials containing that liquor, though 
they were perhaps but very ſmall, were approached too hattily, or perhaps, too near to 
the noſtrils, 

AND, becauſe, in moſt of the foregoing inſtances, the ch'ef effects ſcem to be wriought, 
by the conſent of parts, on the genus nervoſum, and the action of one of them upon the 
other, and thereby upon ſeveral other parts of the body, I will ſubjoin a remarkable in- 
ſtance of the operation of a mild and grateful odour upon the humours themiclves, and 
taat in a man. 
| A FAMOUS apothecary, who is a very tall and big man, ſeveral times told me, that 
tough he was once a great lover of roſes, yet having had occaſion to employ gie 
quantities of them at a time, he was ſo altered by their ſteams, that now, it he cc: 
among the rofe-buſhes, the ſmell docs much diſcompoſe him. And the odcur ot 
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{1 mean incarnate-roſes, which we commonly call damaſk-roſes, though the | 
true ones) makes ſuch a colliquation of humours in his head, that it for blew « ne ot 
and makes him run at the noſe, and gives him a ſore throat; and by an affloence ef 
mours makes his eyes ſore; inſomuch, that during the ſeaſon of roſes, 1 


c h 2 
of them are brought into his houſe, he is obliged, for the moſt part, Were tur rrs 
from home. im{klf 


_ n 

Ox x may ſhew on this occaſion, that as there might be conſiderable things performed 
by effluviums, as they make one part of a living engine work upon another by virtue of 
its ſtructure, ſo the action of ſuch inviſible agents may, in divers caſes, be much pro- 
moted by the fabrick and laws of the univerſe itſelf, upon this account, that, by the ope- 
ration of effluvia upon particular bodies, they may diſpoſe and qualify thoſe bodies to he 
wrought upon, which before they were not fit to be, by light, magnetiſms, the atmo- 
ſphere, gravity, or ſome other of the more catholick agents of nature, as the world is 
now conſtituted. But not to injure another tract, I ſhall conclude this, when I ſhall hays 
taken notice, that in the inſtances hitherto produced there has been a viſible local diſtance 
between the body that emits ſtreams, and that on which they work. But if I thought 


it neceſſary, it were not difficult to ſhew that one might well enough refer to the dite b 
of this tract divers effects of bodies, that are applied immediately to ours; ſuch as are ' 
| blood-ſtones, cornelians, nephritick ſtones, lapis Malacenſis, and ſome amulets, and t 
other ſolid ſubſtances, applied by phyſicians outwardly to our bodies. For in theſe appli h 
cations the groſs body touches but the ſkin, and the great effects which I elſewhere relate W |; 
myſelf to have ſometimes (though not often, much leſs always) obſerved to have followed . 
upon this external contact or near application, may reaſonably be derived from the ſubtle 0 
emanations that paſs thorough the pores of the ſkin to the inward parts of the body; b 
as is evident in thoſe, who by holding cantharides in their hands, or having them applied fi 
to ſome remote external part, have grievous pains produced in their urinary parts, as i 


has happened to me, as well as to many others. And to the inſinuation of theſe minute 
corpulcles that get in at the pores of the ſkin, ſeems to be due the efficacy of ſome me. 
dicines that purge, vomit, reſulve the humours, or otherwiſe notably alter the body, 
being but externally applied; of which I could here give ſeveral inſtances, but that they 
belong more properly to another place, and are not neceſſary in this, where it may ſuffce 
to name the notorious power that mercurial ointments, or fumes, either together or apart, 
have of producing copious ſalivations, to ſhew, in general, that both the ſteams and the 
emanations of outwardly-applied medicinal bodies, may have ſome great effects on human 
- ONES, | 
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H E effluviums of bodies, Pyrophilus, being for the moſt part inviſible, have been 
wont to be ſo little conſidered by vulgar philoſophers, that ſcarce vouchſafing to take 
notice of their exiſtence, it is no wonder that men have not been ſolicitous to diſcover 


their diſtinct natures and differences. Only Ariſtotle, and, upon his account, the ſchools ; z, I. 
have been pleaſed to think that the two grand parts of our globe do ſometimes emit two Meteor. 
kinds of exhalations or ſteams; the earthy part affording thoſe that are hot and dry, cap.3.&4- 


which they name fumes, and very often, ſimply exhalations; and the aqueous part, 
others that are (not as many of his diſciples miſtake him to have taught cold and moiſt, 
but) hot and moiſt “, which they uſually call vapours, to diſcriminate them from the 
fumes or exhalations, though otherwiſe, in common acceptation, thoſe appellations are 
very frequently confounded. 
Bur, though the Ariſtotelians have thus perfunctorily handled this ſubject, it would 
not become corpuſcularian philoſophers, who attribute ſo much as they do to the inſen- 
ſible particles of matter, to acquieſce in ſo ſlight and jejune an account of the emanations 
of bodies. And fince we have already ſhewn, that beſides the greater and more ſimple 
maſſes of terreſtrial and aqueous matter newly mentioned, there are very many mixed 
bodies that emit effluviums, which make, as it were, little atmoſpheres about divers of 
them, it will be congruous to our doctrine and deſign to add in this place, that beſides 
the light and obvious differences taken notice of by Ariſtotle, the ſteams of bodies may 
be almoſt as various as the bodies themſelves that emit them; and that therefore we ought 
not to look upon them barely under the general and confuſed notion of ſmoke, or va- 


. 


oltentimes, though not always ſuitable to that of the bodies from whence they proceed. 
Axp, indeed, the newly-mentioned diviſions of the ſchools give us fo ſlight an ac— 


1 * 0 * . "Þ 
ſhould divide animals into thoſe that are horned, and tho'e that have two feet fo, de- 
A lides that the diſtinction is taken from a difference that is not the conſiderableſt, there 
are divers animals, as many four-footed beaſts and fiſhes, that are not conprized in it; 


v * Cap, 3. Ei v FRI a uE OUT, e Ln der 401. 


pours, but may probably conceive them to have their diſtin and determinate natures, 


| Count of the cmanations of bodies, that, methinks, it looks like fuch another, as if one 
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and each member of the diviſion comprehends I know not how many diſtind 
animals, whoſe differences from one another are many times more conſiderable 
thoſe that conſtitute the two ſupreme genuſes, the one having bulls and pox. ta 
rhinoceroſes, and deer, and elks, and certain ſea-monſters, whoſe horns 1 n 
and the other genus compriſing alſo a greater variety, namely, a great part off. 
footed beafls, and, beſides men, all the birds (for aught we know) whether of We 
water. And as it would give us but a very ſlender information of the nature of ar oY 
or an unicorn, to know that it is an horned beaſt ; or of the nature of a man, an 8 , 
or a nightingale, to be told that it is an hornleſs beaſt ; fo it will but very little inrus 
a man in the nature of the ſteams of quickſilver, or of opium, to be told, that 
are vapours hot, or rather cold, and moiſt; or of the ſteams of amber, or cantharid 
or cinnamon, or tobacco, to be told, that they are hot and dry. For beſides that Fo. 
may be effluviums, which, even by their elementary qualities, are not of either of the 
two ſupreme genuſes (for they may be cold and dry, or cold and moiſt) theſe quale 
are often far from being the nobleſt, and conſequently thoſe, that deſerve to be moſt 
conſidered in the effluviums of this, or that body; as we ſhall by and by have ox 
ſion to manifeſt, 


GG $3 


Anp here it may not be improper to mention an experiment, that, I remember, ! 
divers years ſince employed to illuſtrate the ſubject of our preſent diſcourſe. 

I conSIDERED then, that fluid bodies may be of very unequal denſity, and gravity, x 
is evident in quickſilver, water, and pure ſpirit of wine; which, notwithſtanding ther 
great difference in ſpecifick gravity, may yet agree in the conditions requiſite to fluid 
bodies. Therefore preſuming, that by what I could make appear viſible in one, what 
happens analogically in the other, may be ocularly illuſtrated, I took ſome ounces d 
roch-alum, and as much of fine ſaltpetre. I took ſone ounces of each, becaule 
if the quantity of the ingredients be too ſmall, the concoagulated grains will be ſo toy 
and the ſucceſs will not be ſo conſpicuous. Theſe being diſſolved together in fair watt, 


the filtrated ſolution was ſet to evaporate in an open- mouthed glaſs, and being then lt 


to ſhoot in a cool place, there were faſtened to the ſides, and other parts of the glab, 
ſeveral ſmall cryſtals, ſome octoedrical, which is the figure proper to roch: alum, an 
others of the priſmatical ſhape of pure ſaltpetre; beſides ſume other ſaline concretions 
whoſe being diſtinctly of neither of theſe two ſhapes, argued thein to be concoaguls 
tions of both the ſalts. And this we did, by uſing ſuch a degree of celerity in vapor 
ing the liquor, as was proper for ſuch an effect. For, by another degree, which 151 
be employed, when one would recover the ſalts more diſtinctly and manifeſtly, the main 
may, as I found by trial, be ſo ordered, that the aluminous ſalt may, for the wol 
part, be firſt coagulated by itſelf, and then, from the remaining liquor, curiouly ſhape 
cryſtals of nitre may be copiouſly obtained. i 
Taras like this we alſo made with other ſalts, and particularly with ſea-ſalt, 
with alum and vitriol ; the phænomena of which you may meet with in their due places 
For the recited experiment may, I hope, alone ſerve to aſſiſt the imagination te ay 
ceive, how the particles of bodies may ſwim to and fro in a fluid (which the air a 
though they be little enough to be inviſible, may, many of them, retain their d F 
and determinate natures, and their aptneſs to cohere upon occaſion z and others may i 


| 2 3 dl 
their various occurſions and coalitions, unite into leſſer corpuſcles, or great? 655 
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iifering from the more ſimple particles that compoſed them, and yet not of indeter- 
minate, though compounded figures. A | 


E 


Tas things being premiſed, we may now proceed to the tticular i 
determinate nature of effluviums; and theſe 1 may not dey — og 2 
thee 7 to _ yr? fre of ſhall aſſign a diſtinct chapter; the firſt of 
theſe I ſhall briefly treat of in this thir chapter, and treat ſ 
the others in the two following. my * 
lx the firſt place then, that the effluviums of many bodies retai f 
oftentimes in an inviſible ſmallneſs, and oftener in ſuch a "6+ pp W ioyprohgg ner 
enough to fly or ſwim in the air, may appear by this, that theſe effluvia being, b 
condenſation, or otherwiſe, re- united, they appear to be of the ſame nature with the 
body Ace ee Thus in moiſt weather, the vapours of water, that — 
inviſibly through the air, meeting with marble- walls, or pavements, or other bodies, b 
their coldneſs and other qualifications fit to condenſe and retain them appear a xd 
the form of drops of water z and the ſame vapours return to the viſible — f nie 
wr they fall out of the air in dews or rains, ood 
UICKSILVER itſelf, if it be made to aſcend in diſtillation wi 
with 
of fire, will almoſt all be found again in the receiver in the * eee. ray 
— ru and piercing fluid tbo ſome caſes ſo diſpoſed to be ſtripped of its dit 
, and re-appear in its own form, that divers artific . rac 
on oy their coſt, that the fumes of it need not be, = wa in, . — 
cloſe veſſels to return to their priſtine nature, me havi f ; 
found in the heads, and other parts of ſuch » mercury having been ſeveral times 
. . . le, who have Xt 
killed by it, and ſometimes made to dif FRF dur, Hake xa hdr ere 
wt | ſelf during the liv f th 
ſo much in it; of which I elſewhere ent Dany: S rann 
fave at peefeoe, th Ws = ſome inſtances. Wherefore I thall only ob- 
, „ both among gild d { : 
that, when they have occaſion to an" ip 1 DI 
an amalgam, or force aw , 
oe by he fir thy kev gal in hi ut, which, by the moral fu ch 
| ir, will now and then, ime it | 
"% turned white . 8 5 3 oh it is taken out of their mouths, 
MASS of purified brimſtone being ſublimed oh . N 
aſcending fu ; 
3 — Nd es bh Sulphuris, which is true ſulphur of the i En e 
another * imation; and may readily, by melting, be reduced into ſuch 
AND to give you another Ii | : 

" f r like example of dry bodies, I tri Ly 
PIC in cloſe veſſels, it would hg to ſenſe, r e \ aqua 
ly LE Nr N glaſs, in the form of dry camphire, as it was 4 per velicl, or 
x Nav, though a body be not by nature, but art, compounded of ſuch differing b 

5, 3$ 4 met.] an. another mineral, and two or three fal a. Frpel 
of the m From 4 : , or three ſalts; yet, if upon pus itication 
e from its groſſer parts, the rem . 
and fitly ſhaped, th 5 „ aining and finer parts be minute enough 
and Ntly haped, the whole liquor will aſcend, and i * 
ins priſtine form of 2 de „and yet in the receiver altogether recover 
This Js ee 2 5 OT fluid, compoſed of differing ſaline and mineral parts, 
well ain” i e diſti ation of what chymiſts call butter, or oil of antimony, ver 
beſia, For this liquor will paſs into the receiver d | : 
clides the particles of the ſubli hich is Sip rs urge eee 

mate (which 3 a factitious compounded body) it 
* abounds 
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when ſpirit of nitre, for example, has been well rectified, I have often obſerved, that 


- r 95 o— — 
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abounds with antimonial corpuſcles, carried over and kept inviſible by the cory. 
ſalts ; whatever Angelus Sala, and thoſe chymiſts that follow him, have ere 
contrary, as might be eaſily here proved, if this were a fit place to do it in. * 
I round by enquiring of an ingenious perſon, that had an intereſt in a tin «. 
that I was not deceived in gueſſing, that tin itſelf, though a metal, whoſe K 7 
very difficult fuſion, and which I have by itſelf kept long upon the cupel withour n 
ing it to fly away, would yet retain its metalline nature in the form of fumes or flo 4 
For this experienced gentleman anſwered me, that divers times they would take Mi 
ſtore of a whitiſh ſublimate from the upper part of the furnaces or chimnies, where reat 
brought their ore to fuſion or wrought further upon it; and that this ſublimate 5 h 
perhaps elevated to the height of an ordinary man, would, when melted down a0 
at once many pounds of very good tid. On which occaſion I ſhall add, chat hay 
myſelf, more than once, raiſed this metal in the form of white corpuſcles by the wh 
of an additament, that did ſcarce weigh half ſo much as it. b 


E 


Tux ſecond way, by which we may diſcover the determinate nature of effluviums, 
is, by the difference that may ſometimes be obſerved in their ſenſible qualities, For 
theſe efluviums, that are endowed with them, proceed from the ſame ſort of bodies, 
and yet thoſe afforded by one kind of bodies being in many caſes manifeſtly differing 
from thoſe that fly off from another, this evident diſparity in their exhalations argues 
their retaining diſtinct natures, according to thoſe of the reſpective bodies whence they 
proceed, 

I wiLL not now ſtay to examine, whether in the ſteams, that are made viſibly to 
aſcend from the terreſtrial globe by thoſe grand agents and uſual raiſers of them, the 
ſun, and the agitation of the air, the eye can manifeſtly diſtinguiſh the diverſity of 
colours: but in ſome productions of art, ſuch different colours may be diſcovered in 
the exhalations, even without the application of any external heat to raiſe them, For, 


even in the cold the fumes would play in the unfilled part of the ſtopped phials it us 
kept in, and appear in it of a reddiſh colour, and if thoſe veſſels were opened, the 
fame fumes would copiouſly aſcend into the air, in the form of a reddiſh or orange 
tawny ſmoke ; ſpirit, or oil of ſalt alſo, if it be very well dephlegmed, though it wil 
ſcarce in the cold viſibly aſcend in the empty part of a phial, whilſt it is kept wel 
ſtopped ; yet, if the free air be allowed acceſs to it, it will, in caſe it be ſufficiently recti- 
fied, fly up in the form of a whitiſh fume. But this is inconſiderable, in compariſon of 
what happens in a volatile tincture of ſulphur 1 have elſewhere taught you to make with 
quick- lime. For, not only upon a light occaſion, the vacant part of the phial vil be 
filed with white fumes, though the glaſs be well ſtopped ; but upon the opening ide 
phial theſe fumes will copiouſly paſs out at the neck, and aſcend into the air in the form 
of a ſmoke, more white than perhaps you ever ſaw any. And both this and that at 
the ſpirit of ſaltpetre do, by their operation, as well as ſmell, diſcloſe what they are; tie 
latter being of a nitrous nature (as is confeſſed) and the former, of a ſulphureous: 1 0 
much, that having, for curioſity's ſake, in a fitly ſhaped glaſs, caught a competent 
quantity of the aſcending white tumes, I found them to have convened into bodies trank 
parent and geometrically figured, wherein it was eaſy to diſcover, by their ſenſible quali 


tics, that there were ſtore of ſulphureous particles mixed with the ſaline ones. my 
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colour: and that in ſmall cheeſe-mites, which the naked eye can very ſcarcely diſce 
ſo far is it from not diſcovering any difference between them, one may (as was nN 
the laſt eſſay) plainly ſee, beſides an obvious difference in point of bigneſs, many * 
cular parts, on whoſe accounts, the ſtructure of thoſe moving points may difference 
them from each other. And I have ſometimes ſeen a very evident diſparity, even in 
point of ſhape, between the very eggs of theſe living atoms, as à poet would perha 
ſtile them. But theſe kinds of proots (as I was ſaying) I ſhall forbear to inſiſt on, * 
I may proceed to countenance my conjecture by the effects of the effluviums, that are 
properly ſo called, upon animals, 

AnD firſt, though the touch be reckoned one of the moſt dull of the five ſenſes, and 
be reputed to be far leſs quick in men, than in divers other animals; yet the groſs or- 
gans of that may, in men themlelves, even by accident, be fo diſpoſed, as to be ſuf. 
ceptible of impreſſions from effluvia: of this, in another paper, I give ſome inſtances, 
And I know not, whether divers of the preſages of weather, to be obſerved in ſome 
animals, and the achs, and other pains, that in many crazy and wounded men, are wont 
to fore-run great changes of weather, do not often (for I do not ſay always) procced, at 
leaſt in part, from inviſible, and yet incongruous effluxions, which, either from the ſub- 
terraneal parts, or from ſome bodies above ground, do copiouſly impregnate the air. 
And, on this occaſion, it will not be impercinent to mention here what an experienced 
phyſician, being (if I much miſtemember not) the learned Diemerbroek, relates concern- 
ing himſelf, who having been infected with the plague by a patient, that lay very ill of 
it, though by God's bleſſing, which he particularly acknowledges, upon a flight, but 
ſeaſonable remedy, he was very quickly cured, and that without the breaking of any 
tumor; yet it left ſuch a change in ſome parts of his body, that he ſubjoins this memo- 
rable paſſage, Ab illo periculo ad contagioſos mibi appropinquanti in emunctoriis ſucceſii 
dolor, dix fallax peſtis indicium. 

About Two or three other obſervations of the like nature you meet with in another of my 
Comical papers. And I ſhall now add, that I know an ingenious gentle woman (wife to a fa- 
Suipt- mous phyſician) who was of a very curious and delicate complexion, that has ſeveral 
E times aſſured me, that ſhe can very readily diſcover, whether a perſon, that comes to 
viſit her in winter, came from ſome place where there is any conſiderable quantity of 
ſnow ; and this ſhe does, as ſhe tells me, not by feeling any unuſual cold (for if the 
ground be frozen, but not covered with ſnow, the effect ſucceeds not) but from ſome 
peculiar impreſſion, which ſhe thinks, ſhe receives by the organs of ſmelling. I might 
add, that I know alſo, as I may have formerly told you, a very ingenious phyſician, 
who falling into an odd kind of fever, had his ſenſe of hearing thereby made ſo very 
nice and tender, that he very plainly heard ſoft whiſpers, that were made at a conſidera. 
ble diſtance oft, and which were not in the leaſt perceived by the healthy by-ſtznders, 
nor would have been by him before his ſickneſs. Which ſickneſs I mention as the 
thing, that gave his orgars of hearing this preternatural quickneſs, becauſe, when the 
fever had quite left him, he was able to hear but at the. rate of other men. And[ 
might tell you too, that I know a gentleman of eminent parts and note, who, during 
a ciſtemp:r he had in his eyes, had his organs of ſight brought to be ſo tender, that 
both hs triens, and himſcif aiſo, have aflured me, that when he waked in the night, 
he could tor a while plainly fee and diſtinguiſh col urs, as well as other objects, diſcerni- 
ble by the eye, as was more than once tri:d, by pinning ribbands, or the like bodies, of 
ſeveral colours, to the inſide of his curtains in the dark. For if he were awakened in the 
night, he would be able to tell his bedfellow, where thoie bodies were placed, and what 


culour each of them was of. | 
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Hav mentioned theſe inſtances only to ſhew you, that if our ſenſories were more 


delicate and quick, they would be ſufficiently affected by objects, that, as they are ge- 
nerally conſtituted, make no impreſſions at all upon them. For otherwiſe I know, that 
the ſpecies (as they call them) both of ſounds and colours are not held by many of the 
moderns (from whom in that I diſſent not) to be fo much coi poieal effluxions, trajected 
throogh the medium, as peculiar Eines of local motion conveyed by it. Therefore, I 
ſhall now confirm the co jectute 1 would countenance, by the diſcrimination made by 
the organs of other animals, of ſuch efluvia, as to us men are not only inviſible, but 
ſenſible. And therefore, partly to fir21z:tzen what J delivered, and partly to confirm 
what Jam now diſcourſing of, it will nur be impertinent to ſubjoin two or three rela- 
tions, that J had from perſons of very good credit, whom I thought likely to make 
me no un{atistatory returns to my queſtions, about things they were very well verl- 
ed in. 

A PERSON of quality, to whom I am near allied, related to me, that to make a trial, 
whether a young >lood-hound was well inſtructed {or as the huntſmen call it, made) he 
cauſed one of nis ſervants, who had not killed, or ſo much as touched any of his deer, 
to walk to a country-tuwn, four miles off, and then to a mark«et-town, three miles 
diſtant ſrum thence ; which done, this nobleman did, a competent while after, put the 
blood-hound upon the ſcent of the man, and cauſed him to be followed by a ſervant or 
two, the maſter himielt thinking it alſo fit to go after them to ſee the event; which 
was, that the dog, without ever feeing the min he was to purſue, followed him by the 
ſcent to the above-menrioned places, notwithſtanding the multitude of market people, 
that went along in the ſame way, and of travellers, that had occaſion to crois'it. And 
when the blood hound came to the chief market town, he paſſed through the ſtreets, 
without taking notice of any of the people there, and left not, till he had gone to the 
houſe, where the man, he ſought, reſted himſelf, and found him in an upper room, to 
the wonder of thoſe that followed him. The particulars of this narrative, the noble- 
man's wite, a perſon of great veracity, that happened to be with him when the trial was 
made, confirmed to me. 

ExqvirinG of a ſtudious perſon, that was keeper of a red deer park, and verſed in 
making blood-hounds, in how long time, after a man or deer had paſſed by a graſſy 
place, one of thoſe dogs would be able to follow him by the ſcent ? he told me, that it 
wouid be fix or feven hours: whereupon an ingenious gentleman, that chanced to be 
preſcnt, and lived near that park, aſſured us both, that he had old dogs of fo good a 
Icent, that if a buck had the day before paſſed in a wood, they will, when they come 


where the ſcent lies, though at ſuch a diſtance of time after, preſently find the ſcent 


and run directly to that part of the wood where the buck is. He alſo told me, that 
though an old blood hound will not fo eaſily fix on the ſcent of a ſingle deer, that pre- 
ſently hides himſelf in a whole herd, yet if the deer be chaſed a little till he be heated, 
the dog will go nigh to ſingle him out, though the whole herd alſo be chaſed. The 
above-named gentleman alſo affirmed, that he could eaſt y diſtinguiſn, whether his 
hounds were in chaſe of a hare, or a fox, by their way of running, and their holding up 
their noſe higher than ordinary, when they purſue a fox, whoſe ſcent is more ſtrong. 
Theſe relations will not be judged incredible by him, that reflects on ſome of the in— 
flances that have already, in the foregoing eſſay, been given of the ſtrange fu! t.lty of 
effluvia: to whi: h I ſhall now add, that J remember, that to try, whether J could, in 
ſome meaſure, make art imitate nature, I prepared a body of a vegetable ſutſtance, 
which, though it were actually cold, and both to the eye and touch ory, did for a while 
ent tuch determinate and piercing, though inviſible, exhalations, that having, for trial's 


ſake, 


— 


695 


di 

1 

| 
4 
4 
| 
9 
. 
8 


696 


fitted to give a plate of that mixed metal. And though it be true, 
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fake, applied to it a clear metalline plate, and that of none of the very ſofteſt king ;.: 
ther, for about one minute of an hour, 1 found, that though there had been no im dei. 
ate contact between them, I have purpoſely interpoſed a piece of paper to binder . 
yet there was imprinted on the ſurface of the plate a conſpicuous ſtain of * 


C * 
colour, that the body, with whoſe ſteams I bad imbued the vegetable Frog * 


. 8 that in ſome cir.- 
cumſtances, the lately- mentioned inſtances about blood-hounds have a conſiderable ad. 


vantage of this I have now recited, yet that advantage is much leſſened, not to fa 
countervailed, by ſome circumſtances of our experiment. For, not to repeat, that the 
emittent body was firm and cold, the effect produced by the efluvium, that guided the 
ſetting- dog, was wrought upon the ſenſory of a living and warm animal; and ſuch an 
one, whoſe organs. of ſmelling are of an extraordinary tender conſtitution above thoſe of 
men, and other animals, and probably the impreſſion was but tranſient ; whereas, in 
our caſe, the inviſible ſteams of the vegetable ſubſtance wrought upon a body, which 
was of fo ſtrong and inorganical a texture, as a compounded metal, though it were 
fenced by being lapped up in paper, notwithſtanding which theſe ſteams invaded it in 
ſuch numbers, and ſo notably, as to make their operation on it manifeſt to the eye 
and conſiderably permanent too; ſince, coming to look upon the plate after the third 
day, I found the induced colour yet conſpicuous, .and not like ſuddenly to vaniſh. 
HiTHneRTo, in this chapter, I have argued from the conſtant and ſettled difference 
of the ſenſible qualities of effluviums, that they do not always loſe their diſtinct natures, 
when they ſeem to have loft themſelves by vaniſhing into air. But before I diſmif 
this ſubject, I muſt conſider an objection, which I know may be made againſt the 
opinion we have been countenancing. For it may be alledged, that there may be man 
caſes, wherein the effluviums of bodies are, in their paſſage through the air, ſenſibly 
altered, or do affect the organs of ſenſe, otherwiſe than each kind of them apart would 
do: nor is this difficulty altogether irrational. For it ſeems conſonant enough to experi- 
ence, that tome ſuch caſes ſhould be admitted; and therefore, in the foregoing diſcourſe 
I have, where I thought it neceſſary, forborn to expreſs myſelf in ſuch general and ab- 
ſolut: terms, as otherwiſe I might have done. But as for ſuch caſes, as I have inſiſted 
upon, and many more I ſhall now repreſent, that the objected alterations need not hin- 
der, but that effiuviums, at their firſt parting from the bodies, whence they take wing, 
if I may ſo {peak, may retain as much of the nature of thoſe bodies, as we have aſcribed 
to them; ſince the ſubſequent change may very probably be deduced from the combina- 
tions, or coalitions, of divers ſteams aſſociating themſelves in the air, and acting upon 
the ſenſory, either altogether and conjointly, or at leaſt ſo near it, that the ſenſe cannot 
perceive their operations as diſtinct, This I ſhall elucidate, but not pretend to prove, 
by what hab pen in tounds and taſtes, For if, by way of inſtance, in a muſical inſtru- 
ment, two ſtrings tuncd to an eighth, be touched together, they will ſtrike the ear with 
a ſound, that will be judged one, as well as pleaſing, though each of the trembling 
ſtring make a diſtinct noiſc, and the one vibrates as faſt again as the other, And if, 
into o of tartar per deliguium you drop a due proportion of ſpirit of nitre, and exhale 
the ſu erfluous morfture, the acid and alcal zate corpulcles, that were {o ſmall as to 
ſwim inv.fily in choſe hquors, will convene into nitrous concretions, who'e taſte wil 
be comoounded of, but very differing from, both the taſtes of the acid and tartarous 
particles; which particles may yet, for the moſt part, by a ſkilful diſtillation, be di. 
vorced „gain. And fo, if to a ftrong folution of pot aſhes, or fait of tartar, you put 
2 much in weight of ſal armoniack, as there is of either of thoſe fixed ſalts coatained 
in Tic liguor z you may, belides a ſubtil urinous ſpirit, that will ealily come over -hy 
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diſtillation, obtain a dry caput mortuum, which is almoſt totally a compounded ſalt, dif- 
fering enough from either of the ingredients, eſpecially the alcalizate, as well in taſte, 
ag in ſome other qualities: this ſalt, freed from its fæces, being that diuretick falr, I 
ſeveral years ago gave quantities of ſome to chy miſts and phyſicians, from the moſt of 
whom I received great thanks, accompanied with the more acceptable accounis of the 
very happy ſucceſs they had employed it with, though uſually but in -a ſmall doſe, as 
from ſix, eight, or ten grains to a ſcruple. But this being mentioned only upon the 
by, 1 ſhall proceed to tell you, that ſince I intimated to you. already, that I would men- 
tion examples of ſounds and taſtes, only. to illuſtrate what I have been delivering; I 
{hall now add ſome inſtances by way of proof, of the coalition and reſulting change of 
ſteams in the air. It is eaſily obſervable in ſome nolegays, where the differing 
flowers happen to be conveniently mixed, that in the ſmell afforded by it, at a due 
diſtance, the odours of the particular flowers are not perceived, but the organ is affected 
by their joint action, which makes on it a confuſed, but delightful impreſſion. And fo, 
when in a ball of pomander, or a perfumed ſkin, muſk, and amber, and civet, and other 
ſweets, are ſkilfully mixed, the coalition of the diſtinct efiuvia of the ingredients, that 
aſſociate themſclves in their paſſage through the air, produce in the ſenſory one grate- 
ful perfume, reſulting from all thoſe odours. But if you take ſpirit of fermented urine, 
and ſpirit of wine, both of them phlegmatick, and mix them together, they will in- 
corporate like wine and water, or any other ſuch liquors, without affording any dry 
concretions. But if you expoſe them in a convenient veſſc] but to the mild heat of a 
bath, or lamp, the aſcending particles will aſſociate themſelves, and adhere to the upper 
part of the glaſs in the form of a white but tender ſublimate, conſiſting both of 
urinous and vinous ſpirits, aſſociated into a mixture, which differs from either of the 
liquors, not only in conſiſtence, taſte, and ſmell, but in ſome conſiderable operations 
performable by this odd mixture; which this is not the place to take further notice of. 
And if ſpirit of ſalt, and ſpirit of nitre be, by diſtillation, elevated in the form of fumes, 
ſo ordered, as to convene into one liquor in the receiver, this liquor will readil 
diſſolve crude gold, though neither the ſpirit of nitre alone, nor that of ſalt, would 
do ſo. 

Axp that you may have an ocular proof of the poſſibility of the diſtinAneſs and ſub- 
ſequent commixture of the ſteams in the air, I ſhall now add an experiment, which I 
long fince deviſed for that purpoſe, and which I ſoon after ſhewed to many curious per- 
ſons, moſt of whom appeared ſomewhat ſurprized at it. The experiment was, that I 
took two ſmall phials, the one filled with ſpirit of ſalt, but not very ſtrong, the other 
with ſpirit of fermented urine, or of ſal armoniack very well rectified: theſe phials being 
| Placed at ſome diſtance, ard not being flopped, each liquor afforded its own ſmell, at 
a pretty diſtance, by the ſteams it emitted into the air, but yet theſe ſteams were inviſi- 
ble. But when theſe phials (which ſhould be of the ſame ſize) came to be approzched 
veiy near to each other, theugh not ſo as to touch; as when the two liquors are put 
together in the form of liquors, they will notably act upon one another; ſo their re— 
jpective efuviums meeting in the air, would, anſwerably to the littleneſs of their bulk, 
Go the like, and by their mutual occurſions, become manifeſtly viſible, and appear 
moving in the air like a little portion of ſmoke, or of a miſt, which would quickly 
ceaſe, if either of the phials were removed half a foot, or a foot from the other. And1 
remember, that, to add to the oddneſs of the płæromenon, I ſometimes made a drop 
of the ſpirit of ſalt hang at the bottom of a little ſtick of glaſs, or ſome other conveni- 
ent body, and held this drop thus ſuſpended in the orifice of a phial, that had ſpirit of 


[a] armoniack in it, and was furniſhed with a ſomewhat long neck ; for by this means, 
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happened as I expected, that the aſcending urinous particles, though inv: | 

invading plentifully the acid ones of the 20: etal» notable coke, wits thn, 
drop were held a little above the neck of. the glaſs, would moſt commonly. fly 3 
to the height of a foot, or half a yard: but if the drop were held ſomew hat they. 5 
the cavity of the neck, a good part of the produced ſmoke would oftentimes fall | 7 
the cavity of the phial, which was left in great part empty, ſometimes in the for 7 
drops, but uſually in the form of a ſlender and ſomewhat winding ſtream, of a iy | 
colour, that ſeemed to flow down juſt like a liquor from the depending drop all u 
had reached the ſpirit of ſal armoniack ; upon whoſe furface it would ſpread itlelf like 1 
miſt. But this only upon the by. As for the main experiment itſelf, it may be 11 
have found, ſucceſsfully tried with other liquors than theſe; but it is net neceſſary in 
this place, to give an account of ſuch trials ;. though perhaps, if. I had leiſure, it mi he- 
be worth while to conſider, whether theſe: coalitions of differing ſorts of fleams in the 


air, and the changes reſulting thence of their particular precedent quantities, may not 


aſſiſt us to inveſtigate the cauſes. of divers ſudden clouds and miſts, and ſome other metcs. 
rological phænomena, and alſo of divers changes, that happen in the air, in reference to 


the coming in and ceaſing of ſeveral either epidemical, or; contagious diſeaſes, and pu. 


ticularly the plague, that ſeem to depend upon ſome occult temperature and alterations. 
of the air, which may be copiouſly impregnated by the differing ſubterraneal (not to 
add here, ſideral) effluviums, that not unfrequentſy aſcend into it, or otherwiſe invade 
it, with peſtiferous, or other morbifick corpuſcles, and ſometimes with others of a con- 
trary nature, and ſometimes too, perhaps, neither the one ſort of ſteams, which may be 
fuppoſed to have imbued the air, is in itſelf deleterious; nor the other ſalutaty, but 


becomes ſo upon their caſual coalition in the air. You will perhaps think this conjec- 


ture of the reſultancy of peſtilential ſteams the leſs improbable, if I here add that odd ob- 


ſervation, which was frequently made in the formerly mentioned plague at Nimeguen, 


Tra. de by a phylician fo judicious as Diemerbroek; whoſe words are theſe ; Illud notatu dignum 
ſepiſſimè obſervavimus, nempe in illis ædibus, in quibus nulla adbuc peſtis erat, fi. lintea« 


mina ſordida aquã & ſapone noſtrate (ut in Belgio moris eſt) illic lavarentur, eo ipſo di, 
vel interdum poſiridie, duos tres ve ſimul peſte correptos faiſſe, ipfique. ægri 1:ſtabantur 


fetorem aque japonate illis primam & maximam allerationem intuliſſe. Hoc ipſum quoque 


in meo ipſius boſpitio infelix experientia docut, in quo poſt lota linteamina ſtatim gravem 


allerationem perceperunt plerique domeſtici, & proxime ſequenti nocte tres peſte correhte, 


ac brevi poſt mortuæ fuere. I omit the inſtances he further ſets down to confirm this odd 
phenomenon, of which, though perhaps ſome other cauſe may be divided, yet, that! 
lately aſſigned, ſecms at leaſt a probable one, if not the moſt probable ; ſince, as it is 
maniteft by daily experience, that the ſmell occaſioned by the waſhing of foul linen with 
ſoap commonly uſed in the Netherlands, produces not the plague z fo, by our learned 
author's obſervation it appears, either, that there were not yet any. peſtilential effluxions 
in the air of thoſe places, which, on the occaſions of thoſe waſhings, became inteRed, 
or at leaſt, that by the addition of the fetid effluvia of the ſoapy water, thoſe morbifick 
particles, that were diſperſed through the air before, had not the power to introduce 4 
malignant conſtitution into the air, and to act as truly peſtilential, till they were enabled 
to do fo, by being aſſociated with the ill-ſcented e ffluvia of the ſoap. 

WHETHER allo falutary, and, if I may fo call them, alexipharmical corpuſcles may rot 
be produced in the air by coalition, might be very well worth our enquiry : eſpecially 
if we had a competent hiſtorical account of the yearly ceaſing of the plague at Grand 
Cæyro. For, as I have elſewhere noted out of the learned Proſper Alpinus, who pra- 


tiſcd phy ſick there, and, as I have alſo been informed by ſome of my acquaintance, = 
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viſited that vaſt city, that almoſt in the mid{t of ſummer, as ſoon as the river begins to 
riſe*, the plague has its malignity ſuddenly checked, even as to thoſe that are already 
jnſected, and ſoon after ceaſes; ſo if other circumſtances contradict not, one might 
gueſs, that this ſtrange phænomenon may be chiefly occaſioned by ſome nitrous, or 
other corpuſcles, that accompany the overflowing Nile, and by aſſociating themſelves 
with what Hippocrates ſomewhere calls ,n eroppoics, diſable them to produce their 
wonted pernicious effects. To which hypotheſis ſuits well what is delivered by more 
than one traveller into Egypt, and more particular by our ingenious countryman Mr. 
George Sandys, who not only takes notice, that about the time of the overflowing of Ni- 
lus, whoſe abounding with nitre has been obſerved even by the antients, there is a 
certain moiſtening emanation diffuſed thorough the air. To prove, ſays he , ſpeaking 
of the overflowing of Nilus, that it proceedeth from a natural cauſe, this one, though 
ſtrange, yet true experiment will ſuffice. Take of the earth of Egypt adjoinmg to the 
river, and preſerve it carefully, that it neither come to be wet nor waſted, weigh ir 
daily, and you ſhall find it neither more nor leſs heavy nntil the ſeventeeth of June, at 
which day it beginneth to grow more ponderous, and augmenteth with the augmenta- 
tion of the river, whereby they have an infallible knowledge of the {tate of the deluge, 
roceeding without doubt from the humidity of the air, which having a recourſe through 
all paſſable places, and mixing therewith, increaſeth the ſame, as it increaſeth in 
moiſture. | | 
THarT theſe ſanative ſteams perform their effects merely becauſe they are moift, I 
preſume naturaliſts will ſcarce pretend ; but that they may be of ſuch a nature, as by 
their coalition with the morbifick corpuſcles, to encreaſe their bulk and alter their figure, 
or precipitate them out of the air, or clog their agility, or pervert their motions, and, 
in a word, deſtroy all, or ſome at leaſt, of thoſe mechanical affections, which made 
thoſe corpulcles peſtilential: that, I ſay, theſe antidotal vapours (if I may fo call them) 
may have theſe effects upon thoſe that formerly were morbifick, and that ſo there may 
reſult from the aſſociation of two ſorts of particles, whereof one was of a highly noxi- 
ous nature, a harmleſs mixture, might here be made probable by ſeveral things ; but 
that I hope what I have lately recited about the coalitions of the effluvia of ſpirit of ſalt, 


and of urine (liquors known to be highly contrary to each other) is not already forgot- 


ten by you. 


And the experiment, with which I am to conclude this eſſay, will, perhaps, make 
you think it poſſible, that the peſtiferous ſteams, that have already paſſed out of the air, 
and invaded, but not too much vitiated, the bodies of men, may have their malignity 
much debilitated by the ſupervening of theſe antidotal particles, For in that experiment 
you will find, that the ſteams emitted into the air from the liquor there deſcribed, though 
that were actually cold, were able to reach, and manifeſtly ro operate (and that proba- 
bly by way of precipitation) upon corpuſcles, that were fenced from them by the inter- 
poſition of other bodies, not more porous than thoſe of living men. Whether the fume 
or ſulphur, which by many is extolled to prevent the infection of the air, do, by its acid, 
or other particles, diſarm, if I may ſo ſpeak, the peſtilential ones, I have not now time 
to enquire : no more than whether in Ireland, and ſome few other countries, that breed 
or brook no poiſonous animals, that hoſtility may proceed, at leaſt, in great part, from 


*The plague, which here miſerably rageth, vpon the firſt of the flood doth inſtantly ceaſe, inſomuch, 
as when five hundred die at Cayro the day before, which is nothing rare (for the ſound keep company with 


the ſick, holding death fatal, and, to avoid them, irreligion) not one doth die the day following, ſays 
Mr. Sandys in his travels, Lib. II. 


+ Mr. Sauays in the bock above cited. 
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the peculiar nature of the ſoil, which both from its ſuperficial or deeper parts, con. 
ſtantly ſupplies the air with corpuſcles deſtructive to venemous animals. Ana ſonke 
other particulars, that may be pertinently enough conſidered here, you may find treated, 
on in other papers. And therefore at preſent I ſhall only intimate in a word, that hay. oh 
ing purpoſely made a viſible and laſting ſtain on a ſolid body barely by cold effluvia, thi 
did, by the inviſible and cold ſteams of another body, make, in two or three minutes 
a viſible change in the colour of that ſtain. | ; 


As as for the other part of the conjecture, viz. that meteors may ſometimes be pro. on 
duced by the occurſions of ſubterraneal effluvia, ſome of them of one determinate nature A 
7 and ſome of another, I think I could, to countenance it, give you divers inſtances of the is | 
. plentiful impregnation of the air at ſome times, and in ſome places, with ſteams of very * 
differing natures, and fuch as are not fo likely to be attracted by the heat of the ſun, a; tha 
N to be ſent up from the ſubterraneal regions, and ſometimes from minerals themſelvcs. ſtip 
But for inſtances of this kind, I ſhall, for brevity ſake, refer you to another paper *, Ire 
where I have purpoſely treated of this ſubject, and particularly ſhewn, that though wit 
uſually the effluxions that come from under-ground, are ill- ſcented, yet they are not al. arti 
| ways ſo; and alſo, that ſulphureous exhalations, even from cold, and, for the moſt win 
part, aqueous liquors, may retain their determinate nature in the air, and act accord. qua 
| ingly upon ſolid bodies themſelves, to whoſe conſtitution thoſe cAluvia chance to be moi 
proportionate. | give 
| Bur one memorable ſtory, not mentioned in that diſcourſe, is too much to our pre- of v 
| ſent purpoſe to be. here omitted, eſpecially having met with it in ſo approved an author ſalt 
as the experienced Agricola, who having mentioned out of antient hiftorians the raining grea 
of white and red liquors, which they took (erroneouſly, I doubt not) for milk and blood, ſapic 
| ſubjuins, + Ut autem majorem fidem habeamus annalium monumentis facit res illa decantata, eſſay 
! gue patrum memorid (in another place he ſpecifies the year our Lord) in Suevia accidit; antir 
| aer enim ille ſtillavit guttas, que lineas veſtes crucibus rubris quaſi ſanguineis imbuebant, vpoi 
Which I the rather mention, becauſe it does not only prove what I alledge it for; but bod) 
may keep what is lately and very credibly reported to have happened in divers places of quar 
f the kingdom of Naples, ſoon after the fiery eruption of Veſuvius, from being judged a now 
hænomenon either altogether fabulous (as doubtleſs many have thought it) or a prodigy to th 
without all example, as is preſumed, even by thoſe that think it not miraculous. And both 
to this I add, that it will be the leſs improbable, that the more agile corpuſcles of ſubter- perh; 
raneal ſalts, ſulphurs, and bitumens, may be raiſed into the air, and keep diſtinct na- long 

tures there, if ſo fixed a body, as common earth itſelf, can be brought to ſwim in the 

air. And yet of this the worthy writer newly quoted gives us, beſides what annals relate, 

this teſtimony upon his own knowledge: I Certè hic Kempnicii undecimum abbinc annum 

menſe Septembri effiuxerunt imbres, fic cum terra lutea commiſti, ut ed paſſim plateas ſci- 
licet ſtralas viderem conſper ſas. | Ti 
Axp to ſhew you, that in ſome caſes the particles even of vegetable bodies may not fo vium: 
ſoon periſh in the air, as they vaniſh there, but may retain diſtinct natures at a greater organ 
diſtance, than one would think, from the bodies, that copiouſly emit them; I ſhall add, foreg! 
that having deſired an ingenious gentleman, that went on a conſiderable employment to Viums 
the Eaſi-Indies, to make ſome obſervations for me in his voyage; he ſent me, among other 
other things, this remark : that having failed along the coaſt of Ceylon (famous for cinna- * 
* An Eſſay of Subterraneal Exhalations. very | 


+ Agric. de nat. eorum, quæ effluunt è terra, Lib, XII. pag. 236. | exam 
1 Agric. de nat. eorum, quz è terrra effluunt, Lib. XII. pag. 263. 


Of the determinate Mature of Eſuviums. 


non-trees and well-ſcented gums) though they coaſted it almoſt a whole day, the wind, 
chat then chanced to blow from the ſhore, brought them a manifeſtly odoriferous air 
from the iſland, though they kept off many miles (perhaps twenty or. twenty-five from 


the ſhore, Nor ſhould this be thought incredible, becauſe the diffuſion ſeems ſo diſpro- 
portionate to that of other bodies diſſolved by fluids; as, for inſtance, though ſalt be an 
ative body, and reſoluble into abundance of minute particles, yet one part of ſalt will 
ſcarce be taſtable in an hundred parts of water, For ſenſibly to affect fo groſs an organ, 
as that of our taſte, there is uſually required in ſapid particles a bigneſs far exceeding that 
which is neceſſary to the making bodies fit objects for the ſenſe ot ſmelling, and which 
is here mainly to be conſidered, there is a great difference between the power a body 
has to impregnafe fo thin and fine a fluid as air, whoſe parts are ſo rare and lax, and 
that, which it has to impregnate liquors, ſuch as water or wine, whoſe parts are ſo con- 
ſtipated as to make it not only viſible and tangible, but ponderous. On which occaſion 
| remember, that having had a curioſity to try how far a ſapid body could be diluted, 


without ceaſing to be ſo, I found, by trial, that one drop of good chymical, and, as 


artiſts call it; eſſential oil of cinnamon, being duly mixed, by the help of ſugar, with 
wine, retained the determinate taſte of cinnamon, though it were diffuſed into near a 
quart of wine. So that, making a moderate eſtimate, I concluded, that upon the com- 
mon ſuppoſition, according to which a drop is reckoned for a grain, one part of oil had 
given the ſpecifick taſte of the ſpice it was drawn from, to near fourteen thouſand parts 
of wine, By comparing which experiment with what I noted about the proportion of 
ſalt requiſite to make water taſte of it, you will eaſily perceive that there may be a very 
great difference, in point of diffuſiveneſs, between the little particles that make bodies 
fapid z which may ſerve to confirm both ſome part of the firft chapter of the foregoing 
eſſay of the ſubtilty of efffuvia, and what I was lately ſaying, to ſhew it poſſible that 
antimonial glaſs might impart ſtore of ſteams to the emetick wine, without appearing, 
upon common ſcales, to have loſt of its weight; ſince we ſee that ont drop of ſo light a 


body as oil may communicate, not inſenſible effluvia, but taſtable corpulcles, to near a 


quart of liquor. But this is not all for which I mention our experiment; for 1 muſt 
now add, that beſides the almoſt innumerable ſapid parts of a ſpicy drop communicated 
to the wine, it thence diffuſed a vaſt number of odorous particles into the air, which 


both 1 and: others perceived to be imbued with the diſtinct ſcent of cinnamon, and which, 
perhaps the liquor would have been found able to have aromatized for I know not how | 


long a time, it I had had leiſure to proſecute the obſervation. 


. 

Tue third and laſt way I ſhall mention of ſhewing the determinate nature of efflu— 
viums, is to be taken from the conſideration of their effects upon other bodies than the 
organs of our ſenſes (for of their opt rations upon theſe, we have already ſpoken in the 
foregoing chapter). For the effects that certain bodies produce on others by their eMu- 
viums, being conſtant and determinaie, and oftentimes very different from thoſe which 
other agents, by their emiſſions, work upon the ſame, and other ſubjects, the diſtinct 
nature of the corpuſcles emitted may be thence ſufficiently gathered. 


Wr may, from the foregoing tract of the ſubtilty of efluvia, borrow ſome inſtances. 


very pertinent to this place, For the temporary benumbedneſs or ſtupefaction, for 
example, produced in the fiſherman's foot by the“ effluvia of the filh Amoreatim, men- 


* Sce the Eſſay of the Subtilty of Efluviums, Clap. IV. 
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cul:ar and venomous nature during their whole paſſage through the ſhoe, ſtocking ” 
ſkin, interpoſed betwixt the fiſh and the nervous part of the foot benumbed by it. ; And 
though there are very few other bodies in the world that are minute enough to paſ 
through the pores of glaſs, it is apparent, by the experiment there recited of the 2 
iron hermetically ſealed up in a glaſs- pipe, that the magnetical effluvia of the earth ma 
retain their peculiar and wonderful nature, in a ſmallneſs that qualifics them to paſs freely 
through the pores of glaſs itſelf. 8 I 

Bur that I may neither repeat what you have already met with in the foregoing tract 
nor anticipate what | have to ſay in the next, 1 will employ in this chapter ſome inſtinces 
that may be ſpared from both. 

Trar divers bodies of a venemous nature may exerciſe ſome ſuch operations upon 
others by their efluviums tranſmitted through the air, as they are wont to do in their groſs 
tubltance, is a truth, whereof, though I have not met with many, yet I have met with 
ſome examples among phy ſicians. | 

THe learned Sennertus obſerves, as a known thing, that the apprentices of apothecaries 
have been caſt into profound fleeps, when in diſtilling opiat and hy pnotick liquors they 
have received in at their noſtrils the vapours exhaling from thoſe bodies, | 

IT is recorded by the ＋ writers about poiſons, that the root and juice of mandragora 
caſts thoſe that take it into a deep ſopor, not unlike a lethargy. And though the apples 
of the ſame plant be thought to be much leſs malignant; yet Levinus Lemnius relates 
that it happened to him more than once, that having laid ſome mandrake-apples in his 
ſtudy, he was, by their. ſteams, made ſo ſleepy, that he could hardly recover himfclf; 
but the apples being taken away he regained alacrity, and threw off all drowſineſs. 

AMONG all poiſons, there is ſcarce any whoſe phenomena are, in my opinion, more 
ſtrange than thoſe that proceed from a mad dog; and yet even this poiſon, which ſeems 
to require corpuſcles of fo odd and determinate a nature, is recorded by phyſicians to 
have been conveyed by exhalations. Aretæus writes, as a learned modern quotes him, 
Qued à rabido cane, qui in faciem, dum ſpiritus adducitur, tantummodò inſpiraverit, & 
nullo modo momorderit, in rabiem homo agatur. And as there are relations, among phy- 
ſicians, of animals, that have become rabioſi by having eaten of the parts or excrements 
of rabid animals; ſo Cælius Aurelianus, who writes, that ſome have been made to run 
mad, not by being bitten, but wounded only with the claws of a mad dog, tells us allo 
of a man that fell into a hydrophobia (which is wont to be a high degree of the rabies, 
and by ſome of the ancienter writers was employed to ſignify that diſeaſe) without being 
bitten by a mad dog, but infected ſolo odore ex rabido cane attrafto. By which odours, 
in this and other narratives of poiſons, I underſtand not a bare ſcholaſtick ſpecies, but a 
ſwarm of efluvia, which moſt commonly are all, or at leaſt ſome of them odorouy, 
And though it may juſtly ſeem ſtrange to many, that the venom of a mad dog ſhould 
be communicated otherwiſe than by biting, which is ſuppoſed to be the only way he can 
infect by, it may appear leſs improbable, becauſe Mattheus de Gradibus names a pet- 
lon, who, he ſays, proved infected after many days, by only having put his hand inte 
the mouth of a mad dog, who did not bite him. And the formerly mentioned Matibi- 
olus relates that he ſaw two that were made rabid without any wound, by the ſlabber of a 
mad dog, with which they had the misfortune to be beſmeared. 

SENNERTvUS himſelf affirms of a painter of his acquaintance, that when he had opened 
a box, in which he had long kept included realgar, a noxious mineral, ſometimes uſd 


＋ In Explicatione Herbarum Biblicarum, cap. 2. 
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ey painters, and not unknown to chymiſts, and had unfortunately ſnuffed in the ſteams 
4 . he was ſeized with a giddineſs in his head and fainting fits, his whole face alſo ſwell- 
ing though by taking of antidotes he eſcaped the danger. | 
T)1vers other examples we have met with in the writings of phyſicians, which I 
car to add to theſe, becauſe, I confeſs, I very much doubt the truth of them, though 
verets of ſome of them be men of note. But the probability of moſt of the 
things already cited out of credible authors may be ſtrengthened by what I ſhall now ſub- 
join, as A further proof of the diſtinct nature of effluvia; of which it will be a very con- 
fderable proof, it medicines, which are of a milder and more familiar nature and ope- 
ration than poiſons, ſhall yet be able in ſome caſes to retain, in their inviſible particles 
ſwimming in the air, the ſame, though not ſo great power of purging, which is known 
to belong to them when their groſs body is taken in at the mouth. Of this I have elſe- 
where, on another occaſion, given ſome examples. To which I ſhall now add, that I 
know a doctor of phyſick that is uſually purged by the odours or exhalations of a certain 
electuary, whoſe cathartick operation, when it is taken in ſubſtance, is wont to be but 
lunguid. And another doctor of my acquaintance cauſing good ſtore of the root of black 
hellebore to be long pounded in a mortar, moſt of thoſe that were in the room, and 
eſpecially the party that pounded it, were thereby purged, and ſome of them flrongly 
enough. And the learned Sennertus, ſomewhere, affirms that ſome will be purged by 
the very odour of colocynthis. And it is not to be paſſed by unregarded, that in the caſes 
L have alledged, exhalations that are endowed with occult qualities (for thoſe of cathartick 
medicines are reckoned among ſuch) aſcend into the air, without being forced from the 
bodies they belonged to by an external heat. 
Aup if I would in this place alledge examples of the operations of ſuch effluvia, as do 
not pais into the air, but yet operate only by the contact of the external parts of the 


for 
the del 


body, I could give inſtances, not only of the purgative, but the emetick qualities. of 
ſome medicines exerted without their being taken in at the mouth, or injected with in- 


ſtruments. a 
TrxRe are alſo other ſorts of examples than thoſe hitherto mentioned, that argue a 
determinate nature in the effluxions of ſome bodies emitted into the air. Approved wri- 
ters tell us, that the ſhadow of a walnut-tree, with the leaves on it, is very hurtful to 
the head; and ſome inſtances they give us of great miſchief it has ometimes done. And 
though the ſhadow, as fuch,- is not likely to be guilty of ſuch bad effects; yet the efflu- 
via of the neighbouring plant may be noxious enough to the head, For I, that was 
not at all prepoſſeſſed with an opinion that it was fo, and therefore, without ſcruple, 
reſorted to the ſhade of walnut-trees in a hot country, was, by experience, forced to think 
it might give others the head-ach, ſince it did to me, who, thanks be to God, both 
was, and am ſtill very little ſubject to that diſtemper. And this brings into my mind an 
obtervation that I have met with among ſome ingenious travellers into the Weſt- Indies, 
who obſerve, in general, and, of late, a countryman of cur own affirms it in particular, 
of the poiſonous manchinello- tree, that birds will not only forbear to eat of the fruit of 
venemous plants, but, as to ſome of them, will not ſo much as light on the trees; 
which I therefore mention, becauſe, probably, nature inſtructs them to avoid ſuch trees 
by lome noxious ſmell,- or other emanation that offends the approaching birds. And I 
remember, that ſome of our navigators give it for a rule to thoſe that happen to land 
in unknown iſlands, or coaſts, that they may venture to eat of thoſe parts ot fruits which 

they can perceive the birds, like kind taſters, to have been-pecking at before. 
_ Nicoiavs FLokenTiNus (cited by Sennertus) tells us of a certain Lombard, that hav- 
ing in a houſe, that he named, at Florence, burned a great black-ſpider at the flame of a 
| candle, 
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candle, ſo, unwarily, that he drew in the ſteams of it at his noſtrils, preſent! be 
be mach diſordered, and fell into a fainting fit, and, for the whole night, has 8 {0 
m.uci diſaffected, his pulſe being ſo weak, that one could ſcarce, perceive he 5 eart 
though afterwards he was cured by treacle, diamoſc, and the powder of zedoar ex 
together. | | e Mixed 
Anp I remember, that being ſome years ago in Ireland, I gathered a 
(reculiar to ſome parts of that country) which the natives call Maccu-buy, becauſe of 
ſtrange traditions that go about it; the chief of which I found, by trial, not to be en | 
but yer being ſatisfied that its operations were odd, and violent enough, I was willin 
to gratify the chief phyſician of the country, who was deſirous I ſhould propoſe © him 
ſome ways of correcting it; and whilſt I was ſpeaking of one, that required the e 
of it, he told me, on that occaſion, that intending to make an extract of it with vine ar 
he cauſed his man to beat it well in a mortar, which the man ſoon repented he had be. 
gun to do; and the doctor himſelf, though at a pretty diſtance off, was ſo wrought upon 
by the corpulcles that iſſued out into the air, that his head, and particularly his face, 


ſwelled to an enormous and Cisfiguring bulk, and continued tumid for no inconſiderable 
time after. 


certain plant 


I nave not leiſure to ſubjoin many more inſtances, to ſhe the determinate nature of 


effluviums, ſmall enough to wander through the air; nor perhaps will it be neceſſaty, if 
you pleaſe but to conſider theſe two things. The firſt, that many odoriferous bodies, * 
amber, muſk, civet, &c. as they will, by the adheſion of their whole ſubſtance, per · 
fume ſkins, linen, &c. ſo they will, in time, perfume ſome bodies diſpoſed to admit 
their action, though kept at a diſtance from them. And the other is, that in peſtilential 
fevers, and divers other contagious ſickneſſes, as the plague, ſmall-pox, or meaſles, the 
fame determinate diſeaſe is communicable to ſound perſons, not only by the immediate. 
contact of the infected party, but without it, by the contagious ſteams that exhale from 
his body into the air. And having ſaid this, and defired you to reflect upon it, I ſhall 
N this chapter with an experiment, that, poſhbly, will not a little confirm a great 
art Ot it. Ss 

1 ConSIDERING then with myſelf how I might beſt deviſe a way of ſhewing to the ve) 
eye, that effluvia, elevated without the help of heat, and wandering in the air, may 
both retain their own nature, and, upon determinate bodies, produce effects, that a vul- 
gar philoſopher would aſcribe to occult qualities; I remembered, that I had found by 
trials (made to other purpoſes) that volatile and ſulphureous ſalts would ſo work upon 
ſome acid ones, ſublimed with mercury, as to produce an odd diverſity of colours, but 
chiefly an inky one ; on which account I judged it likely that my aim would be anſwered 
by the following experiment. 

I TooK an ounce, or better, of ſuch a volatile tincture of ſulphur, as I have elſewhere 
* taught you to make of quick-lime, ſulphur, and ſal armoniack, and ſtopped it up in 
a phial capable of containing at leaſt twice as much; then taking a paper whereon ſome- 
thing had been written with inviſible ink, I laid it down fix inches off of the phial, 


which being unſtopped, began, upon the acceſs of the fire, to emit white fumes into it, 


and by theſe, what was written upon the paper, notwithſtanding its diſtance from the 
liquor, quickly became very legible, though not quite ſo ſuddenly, as if a paper, written 
with the ſame clear liquor, were held at the like diſtance directly over the orifice of the 
phial. And having cauſed ſeveral pieces of clean paper to be written on, with a new pen 


* The liquor here mentioned is, for the maio, the ſame with that deſcribed by the author in his book 


of Colours. 
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gipped in the clear ſolution of ſublimate, made in water, it was 
divers of the letters of ſeveral of theſe papers, being placed within 83 — 
tance of the phial, would be made plainly legible, and ſome of them more 2 — 
blackiſh, according to their diſtances from the ſmoking liquor, and other ect. wn 8 
But it was more ſurprizing to ſee, that when J held or laid ſome of theſe papers — 
yith the written fide upwards, juſt upon, or over the orifice of the pan "ting h Fe 
contained liquor did not, by ſome inches, reach ſo high, yet the latent As 32 Sl the 
come not only legible, but conſpicuous, in about a quarter of a minute of an h ould be- 
ſured by a good watch fit for th { e ee lars Frag <a 
lured b) | ; e purpoſe, as more than one trial aſſured me. And 
it may be obſerved, that in ſome circumſtances the ſmoking liquor, and th fol Nd as 
ſublimate, will make an odd precipitate, almoſt of a filveriſh colour, ſo in by og mga 
of our trials, we found a like colour produced by the ſteams of that liqu 15 for * 
bed ink. Nor is i ſo neceſary to employ e ſmoking 1 
nigrating of inviſible ink at a diſtance. For I have, to that ** e- 
though not equal to that I have recited, emplo ed n 
was neither ſulphur, nor ſal armoniack, nor a. W ccd et 1 12 chere 
our volatile tincture of ſulphur it is not neceſſary here to relate; onl 2 made with 
which you will poſſibly think odd enough, I ſhall not omit ; 35 * 1 * 
confirm the precedent trials, but alſo much of the foregoing eſſay, b hewi = only 
ſubtilty, and penetrating power of effluviums, that ſeem rather 8 il bard arg 
_ to be darted out with any briſkneſs. ue out very faintly, 
AUSING then ſomething to be written with diſſolved ſubli 
I a 
a N $a rg the written ſide inwards, and then inclod. this in the ge 
1 paper laid one upon another, not placed o j hi | 
in the form of an ordinary letter or 5 ee eee 
OY packet, to be ſealed, that the edges of the 1 
paper, being inſerted one within the other, the fum m . ee ee 
: es migh i er 
— _= NN through the leaves chetifiives z 8 * be I the 
there was no commiſſure, and on which * | 
away, the ſuperſcription ſhould be writt h Soo deter be ſent 
which {as was before intimated) * was laid upon the orifice of the phial, 
„ was ſome inches higher than the ſurface of the 
and opening them, we fo Ferry ep after which, taking off the folded papers 
TY , he ſteams had envy 
which the written pa that 8 ad pervaded all the leaves, i 
per had been incloſed. For, though th . 2 
or altered, yet the formerl . , though the leaves did not appear ſtained 
y latent characters appeared ſpi 
ris, wn Ag how far this ehe nds 8 OE 04d effetts 
ot thunder, or of that ſtrange phænomenon (glanced at | U 
s fd 00 hand ' glanced at in the foregoing chapter) which 
; ve happened lately in the kingdom f N. 7 
e which is ſaid to have been followed be the 3 1 . 
n which have been found on the ES Ss of 1 5 8 
| y folded up. But of theſe, and the like thi 12 
eee whether any thing derivable from 5 os = LN — omar 
foe rand” ee For _— reaſon I ſhall add no more 3 ee 
„we took a printed book that chanced to be e 
45 6 the Faw" for our purpoſe, becauſe the leaves being wag? * 5 at _ wg 
= wits a 2 paper to be placed in the midſt of them, from s. — 3 gel 
o 20 rar and having put the deſigned paper into this bo 4 a. Fo ; T1 the 
* ag 3 omg there were no leſs than twelve leaves ed 7 155 
Vor. III. ppened to be the moſt "ey placzd, were made inky in the wort 
| ſpace 
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ſpace of three minutes, at the utmoſt ; though this liquor had been © 1 
often unſtopped to try concluſions with it, that it had probably loſt by and ſo 
moſt ſpirituous and piercing particles. bi - ab pat of the 
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A PREFACE; ſhewing the Motive, Deſign, and Parts of the 


enſuing Tract, 


| T HE inducements which put me upon the attempt expreſſed in the title of this ſly, 


were chiefly theſe: 
Fixsr, 1 conſidered, that the interſtellar part of the univerſe, conſiſting of air and 
æther, or fluids analogous to one of them, is diaphanous; and that the Ether” is, 28 
were, a vaſt ocean, wherein the luminous globes, that here and there, like fiſhes, ſuin 
by their own motion, or like bodies in whirlpools are carried about by the ambient, ar 
but very thinly diſperſed, and conſequently, that the proportion that the fixed ſtars and 


| Planetary bodies bear to the di-phanous part of the world, is exceeding ſmall, and 


ſcarce conſiderable, though we ſhould admit the fun and fixcd ftars to be opacous bo⸗ 
dies, upon the account of their terminating our ſight; which diffident expreſſion I ett 
ploy, becauſe I have elſewhere ſhewn by two or three experiments, purpoſely deviſe, 
kw 4 body may appear opacous to our eyes, and yet allow free paſſage to the beam 
of light. | 

| FURTHER conſidered, that there being ſo vaſt a diſproportion between the diaphi 


nous part of the world, and the globes, about which it is every way diffuſed, and vt 


which it is ſometimes in great portions mingled, as in the water, which, together 

the carth, makes up the globe we inhabit; and the nature of a diaphanous body's bells 
ſuch, that when the ſun, or any other luminous body illuſtrates them, that which We 
call light does ſo penetrate, and mix itſelt per minima, with them, that there is no (- 


ſible part of the tranſparent body unenlighicned; I thought it worth the inquiry» * 


Deſign, and Parts of the enſuing Traf?. 


thing ſo valtly diffuſed as light is, were ſomething corporeal, or not ? and, whether, 
: aſe it be, it may be ſubjected to ſome other of our ſenſes, beſides our fight, whereby 
gs may examine, whether it hath any affinity with other 'corporeal beings that we are 
acquainted with here below ? - ; | | 

pip not all this while forget that the Peripateticks make light a mere quality, and 
that Carteſius ingeniouſly endeavours to explicate it, by a modification of motion in an 
zthereal matter; but I remembered too, that the Atomiſts of old, and of late the learned 
Goſſendus, and many other philoſophers, aſſert light to be corporealz and, that ſome 
years ſince, though I declined to paſs my judgment about the queſtion, yet I had em- 

loyed arguments that appeared plauſible enough to ſnew that it was not abſurd to ſu 

ſe that the ſun, which 1s the fixed ſtar moſt known to us, might be a fiery body. 
And therefore doubting, whether the corporeity of light would be in haſte determined 
by mere ratiocinations, I thought it very well worth the endeavouring to try, whether I 
could do any thing towards clearing the diſpute of it by experiments ; eſpecially being 
perſuaded, that, though ſuch an attempt ſhould be ineffectual, it would but leave the 
controverſy in its former ſtate, without prejudicing either of the contencing hypotheſes z 
and yet, if it ſhould prove ſucceſsful], the conſequences of it would be very great and 
uſeful towards the explicating of divers phenomena in divers parts of natural philoſophy, 
as in chymiſtry, botanicks, and (if there be any ſuch) the allowable part of aſtrology. 
(Nor perhaps would it be impoſſible, by the help of ſlight theorical alterations, to recon- 
cile the experiments I deſigned to either of the above-mentioned hypotheſes, and ſo, as 
to the explication of light, to one another.) | 

To compaſs, then, what I aimed at, I thought it was fit, in the firſt place, to try 
what I could do by the union of the ſun-beams, they being on all hands confeſſed to be 
portions (as I may ſo ſpeak) of true and celeſtial light ; and then I thought fit to try 
what could be obtained from flame; not only, becauſe that is acknowledged to be a lumi- 
nary, but becauſe I hoped the difficulties J foreſaw in the other trials might be, in ſome 
meaſure, avoided in thoſe made with flame; and if both ſorts of them ſhould ſucceed, 
the latter and former would ferve to confirm each other. According to the method I 


propoſed of handling theſe two ſubjects, I ſhould begin with ſome account of what I 


attempted to perform in the ſun- beams. But the trath is, that when I chanced to fall 
vpon the inquiry that occaſioned this paper, beſides that the time of the year itſclf was 
not over-favourable, the weather proved fo extraordinary dark and unſcaſonable, that it 

was wondered at; ſo that, though I was furniſhed with good burning-glaſſes, and did 
ſeveral times begin to make trials upon divers bodies, as lead, quickſilver, antimony, 
&c. yet the frequent interpoſition of clouds and miſts did ſo disfavour my attempts, 
that, however they were not all alike defeated, yet I could not proſecute the greateſt 
part of them to my own ſatisfaction. And therefore, being unwilling to build on them 
as yet, I ſhall reſerve an account of them for another opportunity; and now proceed to 
the mention of that ſort of experiments, which, depending leſs on caſualties, it was more 
in my power to bring to an iſſue. 

Iko I might have ſaved both you and myſelf ſome time and pains, by omitting 
ſeveral of theſe trials, and by a more compendious way of delivering the reſt. But 1 
rather choſe the courſe I have taken; partly, becauſe the novelty and improbabilities of 
the truth I deliver, ſeem to require that it be made out by a good number of trials; 
partly, becauſe I thought it might not be altogether uſeleſs to you, and your friends, to 
lee upon what inducements the ſeveral ſteps were made in this inquiry; partly, becauſe 
I was willing to contribute ſomething towards the hiſtory, that now, perhaps, will be 
thought fit do be made of the increment or decrement that particular bodies may receive 


TIF Y by 


New Experiments to male 


by being expoſed to the fire z and partly, in fine, becauſe the incongruity of the dag. 


here aſſerted to the opinions of the ſchools, and the general prepoſſeſſions of mank; 

made me think it fit, by a conſiderable variety, as well as number of experiments, to 
viate, as far as may be, the differing objections and evaſions wherewith a truth { ob 
doxical may expect to be encountered. | Pera. 
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HOUGH there be among the following trials, a diverſity, that invites me, a 

to rank them into four or five differing ſorts, ſo to aſſign them as many diſtn& 

ſections ; yet, for the conveniency of making the references there will be occaſion to 

make betwixt them, I ſhall wave the diſtinction, and ſet them down in one continued 
ſeries. 

Anp becauſe I am willing to comply with my haſte, as well as to deal frankly, and 
without ceremony, with you, I ſhall venture to ſubjoin the naked tranſcripts of my ex- 
periments, as I had in an artleſs manner ſet them down, with many others, for my own 
remembrance, among my adverſaria, without ſo much as retrenching ſome circum- 
ſtances that relate leſs to my preſent argument than to ſome other- purpoſes, 

I SHALL then begin with the mention of a couple of experiments, which, though 
might conveniently enough be referred to another paper, yet I ſhall here ſet them down, 
becauſe it ſeems very proper to endeavour to ſhew, in the firſt place, that flame itſelf may 


be, as it were, incorporated with cloſe and ſolid bodies, ſo. as to increaſe their bulk and 


weight, 


TRIALS of the Firſt Sort. 


EXPERIMENT I. 


[ A Puex of copper-plate not near ſo thick as a half-crown, and weighing two drachms 

and twenty-five grains, was ſo placed with its broad part horizontal, in a Crucible, 
whoſe bottom had a little hole in it for fumes to get out at, that it could not be removed 
from its poſition, nor be eaſily made to drop down or loſe its level to the horizon, 
though the crucible were turned upſide down; then about an ounce and half of common 
ſulphur being put into a taller and broader crucible, that wherein the copper ſtuck was 
inverted into the orifice of it, that the ſulphur being kindled, the flame, but not the 
melted brimſtone, in ſubſtance, might reach the plate, and have ſome vent beyond it at 
the above-mentioned hole. This brimſtone burned about two hours, in which time 1t 
ſcemed all to have been reſolved into flame, no flowers of ſulphur appearing to have 
ſublimed into the inſide of the upper crucible ; and though the copper-plate Were at a 


con fiderable 


Fire and Flame Stable and Ponderabl:. 


eonſiderable diſtance from the ignited ſulphur, yet the flame ſeemed to have really pene- 
trated it, and to have made it viſibly ſwell or grow thicker; which appeared to be done 
by a real acceſſion of ſubſtance ; ſince, after we had wiped off ſome little adhering ſordes, 
and with them divers particles of copper that ſtuck cloſe to them, the plate was found 
to weigh near two-and-thirty grains more than at firſt, and conſequently to have increaſed 


its former weight by above a fifth part.] 


avivo, by refining one ounce of ſterling ſilver with ſaltpetre, according to our 
way, reduced it to ſeven drachms or ſomewhat leſs ; we took a piece of the thus purified 
filver that weighed one drachm wanting two grains, and having ordered it as the copper- 
plate had been in the former experiment, after the flame of above one ounce ard a 
quarter of ſulphur (that quantity chancing to be ſuitable to the capacity of the crucible) 
had, for about an hour and a half, beat upon it, the ſilver- plate ſeemed to the eye ſome- 
what ſwelled, and the lower ſurface of it, that was next the flame, was brought oa great 
ſmoothneſs, the weight being increaſed to one drachm five grains and three quarters; 
which increaſe of weight falling ſo ſhort of that, which was gained by the copper, I 
leave it to you to conſider, whether the difference may be attributed to the cloteneſs 
and compactneſs of the ſilver, argued by its being heavier in ſpecie than copper; or to 
the greater congruity of the pores of copper to be wrought on by the fiery menſtruum 
or to ſome other cauſe; ] 

Ir you ſhould here aſk me, by what rational inducements I could be led to entertain 
ſo extravagant an expectation, as, that ſuch a light and ſubtle body as flame ſhould be 
able to give an augmentation of weight to ſuch ponderous bodies as minerals and metals; 
I ſhall now, to avoid making anticipations here,. or needleſs repetitions hereatter, return 
you only this anſwer ; that the expectation you wonder at may juſtly be entertained upon 
the ſame, or ſuch like inducements, as you may eaſily diſcover in another paper, intitſed 
Corollarium Paradoxum. For, ſuppoſing, upon the grounds there laid, that flame may 
act upon ſome bodies as a menſtruum, it ſeems no way incredible, that, as almoſt all 
ether menſtruums, ſo flame ſhould have ſome of its own particles united with thoſe 
of the bodies expoſed to its action; and the generality of thoſe particles being. (as it is 
| ſhewn in the paradox about the fewel of flames) either ſaline, or of ſome ſuch piercing 
and terreſtrial nature, it is no wonder, that being wedged into the pores, or being 
brought to adhere very faſt to the little parts of the bodies expoled to their action, the 
acceſhon of ſo many little bodies, that want not gravity, ſhould, becauſe of their multi- 
tude, be conſiderable upon a. balance, whereon one or two, or but few of theſe corpuſcles, 
would have no viſible effect. 

I covLDy here, if it were expedient, mention ſome odd ſcruples about the preceding 
experiments, and ſome alſo of the ſubſequent z but leſt you ſhould, with ſome other of 
my friends, upbraid me with being too jealous and ſceptical, I will not trouble you 
with them, but proceed to the next ſort of trials, wherein, though the matter were not 
always manifeſtly beaten on by a ſhining flame; yet it was wrought on by that, which 
would be called flame, by thoſe who take not that word ſtrictly, but in a latitude, and 
which this igneous ſubſtance may more properly be ſtiled, than it can be called common 
fire, this being viſibly harboured in burning coals, or other groſs materials, from which 


our metals were fenced. And I have elſewhere ſhewn, by experiment, that-viſibility is. 
not in all caſes neceſſary to actua flame, paiticularly when the eye receives a predomi-- 


nant impreſſion from another hgit, 
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put one ounce of copper-plates ; and this being put into our cupelling-furnace, 


New Experiments to make 


TRIALS of the 10880 Sort. 


EXPERIMENT IU. 


lx xo a crucible whoſe ſides had been purpoſely taken down to make it very ſhallow, va 
and 
there two hours, and then being taken out, we weighed the copper (which had not — 


melted) having firſt blown off all the aſhes, and we found it to weigh one ounce and 
thirty grains. ] | | 


EXPERIMENT IV. 
[ SupposING that copper, being reduced to filings, and thereby gaining more of 


ſuperficies in proportion to its bulk, would be more expoſed to the action of the fire than 


when it is in plates, as it was formerly, we took an ounce of that metal in filings, and 
putting them upon a very ſhallow crucible, and under a muffler, we kept them there 
about three hours (whilſt other things that required ſo long a time were cupelling); 
and afterwards taking them off, we found them of a very dark colour, not melted, but 
caked together in one Jump, and increaſed in weight (the aſhes and duſt being blown off) 
no leſs than about forty-nine grains. Part of which increment, above that obtained by 
the copper-plates in the former experiment, may not improbably be due to the longer 


time, that in this experiment the filed copper was kept in the fire. 


EXPERIMENT V. 


[Beixnc willing to ſee, whether calcined hartſhorn, that I did not find eaſy to be 
wrought on by corroſive menſtruums, would retain any thing of the flame, or fire, to 
which it ſhould be expoſed z we weighed out one ounce of ſmall lumps of hartſhorn, 
that had been burnt till they appeared white, and having put them into a crucible, and 
kept them in a cupelling-furnace for two hours, whilſt ſome metals were driving off there 
by the violence of the firez we found, that when they were taken out they had loſt ix 
or ſeven grains of their former weight; perhaps either becauſe, notwithſtanding the 
external whiteneſs of the lumps, the internal parts of ſome of them might not be ſo ex- 
quiſitely calcined, but retain ſome oleaginous or other volatile ſubſtance ; or becauſe, 
having omitted to ignite them well before they were weighed, they may have ſince their 
firſt calcination imbibed ſome moiſt particles of the air. Which conjecture ſeemed the like- 
lier, becauſe having kept them a while in the ſcales they were weighed in, they did within 


two or three hours make it ſomewhat preponderate. On which occaſion I ſhall add, 


that, at the ſame time, with the hartſhorn we put in one ounce of well- heated brick, and 
kept that likewiſe in the furnace for above two hours; at the end of which, weigh- 
ing it whilſt it continued hot, we did not find it to have either ſenſibly got or loſt ; but, 


ſome time after it ſeemed upon the balance to have imbibed ſome, though but very little 
moiſture from the air.] . 
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pon a good cupel we put one ounce of Engliſh tin of the better ſort, and having | 


iced it in the furnace under the muffler, though it preſently melted, yet it.did not for- 
fake its place, but remained upon the concave ſurface of the cupel, till at the end of 
about two hours, it appeared to have been well calcined; and then being taken out 


and weighed by itſelf, the ounce of metal was found to have gained no leſs than a 


drachm.] 


EXPERIMENT VII. 


Ax ounce of lead was put upon the cupel, made of calcined hartſhorn, and placed 
under the muffler, after that the cupel was firſt made hot, and then weighed. This lead 
did not enter into the cupel, but was turned into a pretty kind of litharge on the top of 


it, and broke the cupel, whereby ſome part of the cupel was loſt in the furnace, and 


yet the reſt, together with the litharge, weighed ſeven grains more than the ounce of lead 
and the heated cupel did, when they were put in. ] 


hour, becauſe, though this trial ſhewed that ſome weight was gained either by the metal 
or cupel, or both, yet it did not by this appear what either of them acquired ; it ſeemed . 


fit to ſubjoin a further trial, 


EXPERIMENT VIII. 


[Wx took a cupel about two ounces in weight, made of about ten parts of bone-aſhes, . 


and one of charcoal-aſhes, made up together with ale. This was by itſelf put in a cupel- 
ing furnace, under a muffler; and the laborant, well-verſed in weighing, was ordered 
to take it out, when it was throughly and highly heated, and to weigh it whillt it was 


in that condition, I being then preſent; this being done, it was forthwith placed again 
under the muffler, where ſome metalline bodies were cupelling, and kept there for about 


two Ineurs, at the end of which time it was taken out red-hot, and prelently put into the 
lame balance, as before, which was already faſtened to a gibbet; where having cauſed the 


adhering aſhes to be blown off, I found, that whereas, when it was firſt taken from under 
the muffler, we had but two ounces and two grains, now the ſame weight being put 


into the oppoſite ſcale, it had gained very near one-and-twenty grains. And here note, 
that it was not without ſome cauſe, that I was careful to have the cupel weighed red- 


hot. For I had a ſuſpicion, that, notwithſtanding the dryneſs of the bone, it might 

receive ſome little alteration of weight by imbibing ſome little particles wandering in the - 
air; which ſuſpicion the event juſtified. For leaving the cupel counterpoiſed to cool in 
the balance, in a ſhort time it began ſenſibly to preponderate ; and ſuffering it to conti- 


nue there nine or ten hours, till we had occaſion to uſe the balance, I found it at the end 
of that time to be about three grains heavier than before.] 


THis was not the only trial we made about the augmenting the weight of cupels; bur : 
this being the faireſt, and exempt from thoſe miſchances, from which the other were 
not altogether free, I ſhall content myſelf to have ſet down this; in the mention of 
which I thought fit to take notice of the increaſe of the weight of the cupel after it had 
lain in the ſcales, and alſo that we weighed it at firſt, whilſt it was throughly hot, becau'e - 


thoſe 
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thoſe circumſtances, as not being ſuſpected, may eaſily be leſt unthought on, even 
ſkilful experimenters ; and yet the weighing of the cupel, when it had been well nealed 
and the not weighing it ſoon enough after it is taken from the fire, may keep thoſe tha 
ſhall reicerate this experiment, from making it cautiouſly and accurately enough. For i 
the former circumſtance be omitted. that which the cupel may ſcem to have loſt of its 
ſubſtance, was nothing but rhe adventitious moiſture of the air; and if the latter cir- 
cumſtance be neglected, the weight it may ſeem to have gained from the fire, was indeed 
due to the wateriſh particles of the air. could wiſh alſo that trial were made, whether 
the ſucceſs would be the ſame in cupels made in differing ſorts of bone · aſhes, and other 


materials, wont to be employed for that purpoſe, For that I had not opportunity to 


EXPERIMENT IX. 


Iron being a metal, that experience had informed me will more eaſily be wrought on 
by fluids that have particles of a ſaline nature in them, than is commonly believed; it 
was not unreaſonable to expect that flame would have a greater operation on it (eſpecially 
if it were before-hand reduced to ſmall parts) than on any of the bodies hitherto deſcribes, 
Which ſuppoſition will be confirmed by the ſhort enſuing note. 

{Four drachms of filings of ſteel being kept two hours on a cupel under a muſfer, 
acquired one drachm fix grains and a quarter increaſe of weight. ] 


EXPERIMENT KX. 


| [A eren of filver, refined in our own laboratory, being put upon a cupel under a \ 


muffler, and kept there for an hour and half, whilſt other things were refining, was taken 
out and weighed again, and, whereas before it weighed three drachms, thirty-two grains 
and a quarter, it now weighed, in the ſame ſcales, three drachms, thirty-four grainsand 
a half, or bur little leſs. ] 

Fix DING this memorial, among divers others about the weight of bodies expoſed to 
the fire, I thought it not amiſs to annex it in this place; though finding it to be but ſingle, 
I would not have it to be relied on, till further trial have been made, to diſcover whether 
it was more than a caſual and anomalous experiment; and if the ſilver had not been 


refined, I ſhould have ſuſpected that the copper that was blended with it, as it is uſually 


blended with common ſilver, might have occaſioned the increaſe of weight. 


VVV 


Sixce the foregoing experiment was firſt ſet down, meeting with an opportunity to 
reicerate the trial once more, we did it with half an ounce of filings of ſilver, well refined 
With lead in our own laboratory, and kept it about three hours upon the cupel ; after 
the end of which time taking it out, we found it to be of a leſs pleaſant colour than it 
was of before, and melted (though not ſo perfectly) into a Jump, which weighed four 


drachms and fix grains; and yet the ſuccels being ſo odd, and, if it prove conſtant, af 


ſuch moment, I could with the trial were further repeated in differing quantities of the 


metal. EXPE 
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EXPERIMENT XL 


[We took a drachm of filings of zink or ſpelter, and having put it upon a cupel under 
f 9 . * 

:= the e ſo long for other trials); then taking it off the cupel, we found it 

to be caked into a brittle and dark coloured lump, which looked as if the filings had 

been calcined, This being weighed in the ſame ſcales gained full ſix grains, and ſo a 


tenth part of its firſt weight. 


EXPERIMENT XII. 


Amonc our various trials upon common metals, we thought fit to make one or two 
upon a metal brought us from the Za/t-Indies, and there called Tutenag, which name 
being unknown to our European chymiſts, I have elſewhere endeavoured to give ſome 
account of the metal itſelf z whence I ſhall borrow the enſuing note, as directly belong- 
ing to our preſent purpoſe. | 

[Two drachms of filings of tutenàg being put upon a cupel, and kept under the muf- 
fer for about two hours, the filings were not melted into a lump of metal, but looked as 
if ceruſs and minium, being powdered, had been mingled together; ſome of the parts 
appearing diſtinctly white, and others red: the calx, being put into the balance, appeared 
to have gained twenty-eight grains and a quarter. Another time the experiment being 
re-iterated with the like circumſtances, we found that two drachms of the filed tutenag 
gained the like increaſe of weight, abating leſs than one grain. 

So that this Indian metal ſeems to have gained more in the fire, in proportion to its 
weight, than any we have hitherto made trial of, 


EXPERIMENT XIII. 


| [Berxc deſirous to confirm, by a clear experiment, what I elſewhere deliver contrary 
to the vulgar opinion of thoſe that believe, that in all cupellations almoſt all the lead 
that is employed about them, does, together with the baſer metals that are to be purged 
off from the ſilver or gold, fly away in ſmoke, as indeed, in ſome ſort of cupellations, 
a good proportion may be blown off that way; we took two ounces of good lead, and 
one drachm of filings of copper, and having cauſed a cupel to be ignited, and nimbly 
taken out of the furnace, and weighed, whilſt it was very hot, it was preſently put back, 
together with the two metals laid on it, into the cupelling-furnace, where having been 
kept for about two hours, it was taken out again, and it was found, according to what 
as I elſewhere * note) uſes to happen, in ſuch circumſtances, to have nothing on the ſur- 
face of it worth weighing diſtinctly in the ſcales, in which the cupel, with what was ſunk 
no It, amounted to four ounces, three drachms, and eleven grains, which wanted but 
nine grains of the whole weight of the cupel and the two metals, when they were all 

taree together committed to the fire. } So that, though we make a liberal allowance for 
the increment of weight that may, with any probability, be ſuppoſed to have been at- 


: * Eflay the Sixth, of the Uſefulneſs of Natural Philoſophy. 
Vor. III. 4 X tained 


we kept it there in a cupelling-fire about three hours (having occaſion to con- 
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tained by the cupel, and what was put upon it, yet it will eaſily be granted, that 
much the greater part of the metals was not driven off in fumes, but entered = 
ſubſtance of the cupel. the 


TRIALS of the Third Sort. 


AFTER having ſhewn, that either flame, or the analogous effluxions of the fte 

will be, what chymiſts would call corporified with metals and minerals expoſed naked 
to its action; I thought it would be a delirable thing to diſcover, whether this flame ot 
igneous fluid were ſubtle enough to exerciſe any ſuch operation upon the light bodies 
ſheltered from its immediate contact, by being included in cloſe veſſels ; but it being ver 
difficult to expoſe bodies in glaſſes to ſuch vehement fires, without breaking or melting 
the glaſs, and thereby loſing the experiment; I thought fit, firſt, to employ crucibles 
carefully luted together, that nothing might viſibly get in or out; and of that attempt 
I find among my notes the following account, | 


EXPERIMENT XIV. 


[Wes took an ounce of ſteel freſhly filed from a lump of that metal, that the filings 
might not be ruſty, and having included them betwixt two crucibles, as formerly, kept 
them for two hours in a ſtrong fire, and ſuffered them to continue there till the fire went 
out ; the crucibles being unluted, the filings appeared hard-caked together, and had 
acquired a dark colour, ſomewhat between black and blue, and were increaſed five grains 
in weight. ] | 

Tae foregoing experiment being the firſt I mention of this kind, it will not be amils 
to confirm it, by annexing the following memorial. 

[AN ounce of filings of ſteel being put between the crucibles luted together, after they 
had been kept about an hour and half in the fire, were taken out, and being weighed, 
were found to have gained fix grains. ] 


EXPERIMEN-T XV. 


[Two ounces of copper-plate were put into a new crucible,* over which a leſſer was 
whelmed, and the commiſſures were cloſed with Jute, that nothing might fall in. Aiter 
the ſame manner, two ounces of tin were included betwixt crucibles, and alio two ounces 
of lead; theſe being put into the cupelling-furnace, were kept in a ſtrong fire about 40 
hour and a half, while ſomething elſe was trying there. And then being taken out, tlie 
event was, that the copper-plates, though they ſtuck tog-ther, were not quite melted, 
and ſeemed, ſome of them, to have acquired ſcales like copper put into a nak«d fit, 
and the two ounces had gained eight grains in weight, The lead had broke throug! 
tie bottom of the crucible, and thereby hindered the deſigned obſervation. The tig 
acquired ſix grains in weight, and was, in part, brought to a pure white calx, but much 


more of it was melted into a lump of a fine yellow colour, almoſt like gold, but 1 


E aud. Blome Sieble and Pinder able 


The proſecution of this trial, as to the copper-plates, you will meet with in Experiment 
[ to which I therefore refer you. | 

N. B. BzcavsE lead, in cupellation, enters the cupel, we were willing to try, if we 
could fo far hinder it from doing ſo, as to make ſome eſtimate what change of weight 
the operation of the fire would make in it; and therefore being able already to make a 
near gueſs how much a quantity of tin may gain by being calcined on a cupel, and re- 
membering alſo, from ſome of my former trials, the indiſpoſition which tin gives lead 
to cupellation, we mixed a drachm of tin with two ounces of lead, and expoſing the 
mixture (in a cupel) to the fire under a muffler, we firſt brought it to fuſion, and then 
it ſeemed at the top dry, and ſwelled, and diſcoloured ; notwithſtanding which, having 
coatinued the operation a good while, becauſe of other things that were to be done with 
the ſame fire, we were not lucky enough to bring the experiment to an iſſue worth the 
relating here, in reference to the ſcope above-propoſed, though in relation to another, the 


ſucceſs was welcome enough.] 


EXPERIMENT XVI. 


SupPo$ING, that if copper were beaten into thinner plates than thoſe we lately uſed, and 
kept longer in the fire, this would have a more conſiderable operation upon them, we took 
one ounce of very thinly hammered pieces of copper, and putting them betwixt two cru- 
cibles (one whelmed over another) as in Experiment XV. with ſome lute at the corners 
of the juncture, to keep the fire from coming immediately at the metal, we kept them 
in the cupelling-furnace about three hours, and then disjoining the veſſels, we found the 
metal covered with a dark and brittle fubſtance, like that deſcribed in the above-recited 
experiment, Which ſubſtance, when ſcaled off, diſcloſed a finely coloured metal, which, 
together with theſe burned ſcales, amounted to one-and twenty grains above the weight 
that was firſt put in.] 

Ir, when theſe things were doing, I had been furniſhed with a very good lute, which 
is no ſuch eaſy thing to procure, as chymiſts that have not frequently employed vulgar 
lutes, are wont to think; I would have made a trial of the enſuing experiment, for a 
good while, in the naked fire, notwithſtanding that divers metalline minerals will ſcarce 
be brought to fuſion in glaſſes, eſpecially without ſuch a fire, whoſe violence makes them 
break the veſſels. For I thought, that by making a fit choice of the metals to be em- 
ployed, I could prevent that inconvenience z but wanting the accommodations I deſired, 
and yet preſuming, that in a ſand-furnace I might by degrees adminiſter heat enough 
to melt ſo fuſible a metal as fine tin, and keep it in fuſion; I reſolved to make fone 
trials, firſt upon that, and then upon another metal, For though I was not ſure of being 
then able to proſecute the experiment far enough; yet I hoped, I might, at leaſt, ſee 
lome effects of my firſt trial, which would enable me to guets what I was to expect from 
a complete one. | 


EXPERIMENT XVII. 


[We took then a piece of fine block-tin, and in a pair of good ſcales weighed out 
carefully half a pound of it; this we put into a choice clas retort, and kept it for two 
days, or thereabouts, in a ſand- furnace, which gave heat enough to keep the metal in 
ſuſton without cracking the glaſs, hen taking out the mixture, we carcſully weighed 
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it in the ſame ſcales, and found the ſuperficies a little altered (as if it were diſpoſed 
calcination) and the weight to be increaſed about two grains, or ſomewhat better.) 


EXPERIMENT XVIII. 


[Tur other experiment I tried in glaſſes, was with mercury, hoping, that, if! coull 
make a precipitate per ſe, in a hermetically ſealed glaſs, I ſhould, by comparing the 
weight of the precipitate, and the quickſilver that afforded, have a clear experiment t 
my purpoſe ; and I ſhould have no bad one, if I could but make it ſucceed with a ola 
though not ſealed, yet well ſtopped ; inſtead of thoſe infernal glaſſes (as they call them) 
which are commonly uſed, and wont to be left open (though ſome lightly ſtop them 
with a little paper, or cotton) ; but though, partly, that I might a little diverſify the 


experiment, and make it the more likely to ſucceed in one or other of the glaſſes,] 


divided the mercury, and diſtributed it amongſt ſeveral of them, and but a little to each 
the ſucceſs did not anſwer expectation, the hermetically ſealed glaſſes being unluckil 
broken; and the precipitation in the others proceeding ſo ſlowly, that I was, by a fe. 
move, obliged to leave the trial imperfect; only I was encouraged (in caſe of a futur 
opportunity) to renew it another time, by finding, that moſt of the glaſſes, though tal, 
and ſtopped with fit corks, afforded ſome very fair precipitate, but not enough to anſyer 


my deſign. ] 


TRIAL S of the Fourth Sort. 


OST of the experiments hitherto recited having been made, as it were, upon the 

by with others, whoſe exigencies it was fit theſe ſhould comply with; very few of 
the expoſed bodies were kept in the cupelling-fire above two hours, or thereabouts. Upon 
which account, I thought fit to try, how much ſome bodies that had been already expo- 
ſed to the fire, would gain in weight, by being again expoſed to it; eſpecially conlider- 
ing, that moſt calcinable bodies (for I affirm it not of all) which yield rather calces than 
aſhes, by being without additament reduced in the fire to fine powder, ſeemed to be by 
that operation opened, or (as a chymiſt would ſpeak) unlocked, and therefore, probably, 
capable of being further wrought upon, and increaſed in weight, by ſuch a menſtruum, 
as I ſuppoſed flame and igneous exhalations to be. And about this conjecture, | ſhall 
ſubjoin the enſuing trials. 


EXPERIMENT XIX. 


[Ox ounce of calx of tin that had been made per ſe, for an experiment in our own 
laboratory, being put in a new cupel, and kept under the muffler for about two hours, 
was taken out hot, and put into the ſcales, where the powder appeared to have gained 


. . . . . . 401 
in weight one drachm, and thirty-five grains, by the operation of the fire, which made it 


calx 


allo look much whiter than it did before, as appeared by comparing it with ſome of the * 


that 
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that had not been expoſed to the ſecond fire; no part of the putty was, as we could 
perceive, melted by the vehemence of the fire, much leſs reduced into metal.] 


EXPERIMENT XX. 


[Our of a parcel of filings of ſteel that had been before expoſed to the fire, and had 
its weight thereby increaſed ſome grains, not ſcruples; we took an ounce, and having 
expoſed it at the ſame time with the calx of tin, and, for the ſame time, kept it in the 
fire, we took it out at the two hours end; and found the weight to be increaſed two 
drachms, and two-and-twenty grains. The filings were very hard baked together, and 
the lump being broken, looked almoſt like iron.] 


EXPERIMENT XXI. 


Tus following experiment, though it may ſeem in one regard but a continuation of 
the fifteenth, yet it has in this ſomething peculiar from all the foregoing, that not only 
it affords an inſtance of the increaſe of weight obtained by a metal at the ſecond time of 
its being expoſed to the fire, but ſhews alſo, that ſuch an increment may be had, though 
this ſecond ignition be made in clule veſſels. 3 

[Sous of the copper mentioned in Experiment XV. being accidentally loft, one ounce 
and four drachms of what remained was included betwixt two crucibles and expoſed to 
a ſtrong fire for two hours, and ſuffered to continue there till the fire went out; when 
it was taken out, it appeared to have gained ten grains in weight, and to have upon the 
ſuperficial parts of the plates (as we obſerved) divers dark-coloured flakes, ſome of which 
ſtuck to the metal, but more, upon handling it, fell off. ] 

AND here I ſhall conclude one of the two parts of our deſigned treatiſe ; for, though, 
I remember, that theſe were not all the trials that were made and ſet down upon the 
ſubject hitherto treated of; yet theſe are the chief, that having eſcaped the milchances 
which befel ſome others, I can meet with among my promiſcuous memorials ; whoſe 
number, when I drew them together, I could ſcarce increaſe, having by all theſe, and 
other trials of differing kinds, waſted my cupels and commodious glaſſes, where I could 
not well repair my loſs. Whether I ſhould have been able by reduction, ſpecifick gra- 
vity, or any other of the ways, which I had in my thoughts, to make any diſcovery of 
tne nature of the ſubſtance, that made the increment of weight in our ignited bodies 
the want as well of leiſure, as of accommodations requifite to go through with fo diffi- 
cult a taſk, keeps me from pretending to know. But thele three things, I hope, I may 
have gained by what has been delivered; the firſt, that we ſhall hencctorth lev cauſe to 
procced more warily in the experiments we make with metals in the lite, efpecially by 
cupellation. The next, that it will juſtify, and perhaps, procure an eaſier aſſent to ſome 
paſſages in my other writings, that have relation to the ſubſtance, whatever it be, that 
ve are ſpeaking of. And ti»: third (which 1s the principal) that it will probably excite 
you, and your inquiſitive friends, to exciciie their ſagacious curiolity in diſcovering what 
kind of ſubſtance that is, which, though hitherto overſeen by philoſophers themiclves, 
and, being a fluid far more ſubtle than viſible liquors, and able to pierce into the com- 
pact and ſolid bodies of metals, can yet add ſomething to them that bas ro deipicable 
8 upon the balance, and is able, for a conſiderable time, to continue hxed in the 
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XPERIMENTS to diſcover the increaſe in weight of bodies, though incloſed 
in glaſſes, being thoſe that J conſidered as likelieſt to anſwer what I deſigned in 
the hitherto proſecuted attempt, and finding the ſeventeenth experiment, as well a 
the next (tried upon mercury) to be very flow, and its performance not to be very great, 
I began to call to mind, what, many years ago, experience had ſhewn me poſlible to 
be performed, as to the managing glals-veſſels, even without coating them, in a naked 
fire, provided a waty perſon were conſtantly employed to watch them. And ſuppoſing 
hereupon, that in no longer time than a laborant might, without being tired, hold 
out to attend a glaſs, a metal expoſed in it to a naked fire might afford us a much 
more proſperous trial than that lately referred to, I afterwards reſolved, when I ſhould 
be able to procure ſome glaſſes conveniently ſhaped, to proſecute my deſign ; in pure 
ſuance of which, though I had not any furnaces fitted for my purpoſe, I directed a labo- 


rant to make the following trials, 


EXPERIMENT I. 


(Wx took eight ounces (Troy weight) of block- tin, which being cut into bits, was put 
into a good round phial with a long neck, and then warily held over quick coals, with- 
out touching them, till it was melted ; after which, it was kept almoſt continually 
ſhaken, to promote the calcination, near an hour, the metal being all the while in fu- 
ſion, and the glaſs kept at ſome diſtance from the thoroughly kindled coals. The molt 
part of this time the orifice of the phial was covered with a cap of paper (which ſome- 
times fell off by moving the glaſs) to keep the air, and ſteams of the coals, from get- 
ting into the neck. And at the end of this time, he, that held the glaſs, being tired, 
and having his hand almoſt ſcorched, the phial being removed from the fire, was broken, 
that we might take out the metaline lump, which had a little darkiſh calx here and there 
upon the upp:r ſurface, but much more beneath, where it had been contiguous to the 
bottom of the glaſs ; then putting all this, carefully freed from little fragments of broken 
glaſs, into the ſame balance with the ſelf- ſame counterpoiie I had uſed before, I found, 
according to my expectation, an increaſe of weight, which amounted to eighteen grains, 


— 


that the tin had acquired by this operation.] 
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EXPERIMENT II. 


[Tr1s done, we ſeparated the calx for fear of loſing it, and having melted the metal 
in 2 crucible, that by pouring it out it might be reduced to thin plates, capable of 
being cut in pieces, and put into ſuch another phial as the laſt; we weighed it again, 
together with the lately reſerved calx, but found, that notwithſtanding all our care, we 
had loſt three grains of the eighteen we had gained. This done, we put the metal into 
mother phial. But in regard the neck was ſhorter than that of the former, and could 
not, like it, be long held in one's hand; and becauſe alſo I was willing to fee what in- 
tereſt the ſhaking of melted tin has in the quickneſs of the calcination, the glaſs, which 
had a ſtopple of paper put to it to keep out ſmoke and air, was held at !ome diſtance 
from the coals, only whilſt the tin was melting; and then was warily laid upon them, 
and kept there for two hours; at the end of which it was again taken off, and the 
metal weighed with the ſame counterpoiſe and balance, as formerly; and then it ap- 
peared to amount to eight ounces, twenty-four grains, and to have much more ſepara- 
ble calx than at the firſt time. Nor did I much wonder, that the weight ſhould be in- 
creaſed, in this laſt operation, but nine grains in two hours, and in the former, twice fo 
many in half the time; ſince, during the two hours, the glaſs was kept in one poſture, 
whereas, in the firſt operation, it was almoſt perpetually ſhaken all the while it was 
kept in fuſion. And it is obſerved, that the agitation of melted minerals will much pro- 
mote the effect of the fire upon them, and conduce to their calcination. 


EXPERIMENT III. 


Taovcn theſe trials might well ſatisfy a perſon not very ſcrupulous, yet to convince 
even thoſe that are ſo, 1 undertook, in ipite of the difficulties of the attempt, to 
make the experiment in glaſſes hermetically ſealed, to prevent all ſuſpicions of any ac- 
ceſſion of weight accruing to the metal, from any ſmoke or ſaline particles getting in 
at the mouth of the veſſel, And in profecution of this deſign, I thought upon a way 
of ſo hermetically ſealing a retort, that it might be expoſcd to a naked fire, without 
being either cracked, or burſt ; an account of which trial was ſet down. 

[E16HT ounces of good tin, carefully weighed out, was hermetically ſcaled up in a 
new {mall retort, with a long neck, by which it was held in one's hand, and warily ap- 
proached to a kindled charcoal fire, near which the metal was kept in fuſion, being allo 
ever now and then ſhaken for almoſt halt an hour, in which time it ſeemed to have 
acquired on the ſurface ſuch a dark colour, as argued a beginning of calcinition, ard it 
both emitted fumes, that played up and down, and allo afforded two or three drops of 
liquor in the neck of the retort. The laborant being not able to hold the glaſs any 
longer, it was laid on quick coals, where the metal ccntinued above a quarter of an 
hour longer in fuſion ; but before the time was come, that- I intended to ſuffer it to 
Cc0!, in order to the removing it, it ſuddenly broke in a great multitude of pieces, and 
wih a ncile like the report of a gun; but (tharks be to God) it did no harm ntither 
to me, nor others, that were very near it, In the neck we found ſome drops of a yel- 
lowiſh liquor, which a virtuoſo, that taſted it, affirmed to be &f an odicus, but peculiar 
lapor z and as for the imcl!, I found it to be very ſtinking, and not unlike that of the 
aniicd oil of fiſh.] 


Bur 
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Bor though our firſt attempt of this kind had thus mi arrie d, we were not ther 
diſcouraged, but, in proſecution of the ſame deſign, made the enſuing trial, * 


EEXPERIMAEN-I IF; 

[Tur tin, which had been before (in the firſt, or ſome ſuch experiment) partly eq. 
cined in a glaſs, being melted again in a crucible, that it might be reduced to pieces al 
enough to be put into another glaſs, was put again into the ſcales, and the ſurpluſ 
being laid aſide, that there might remain juſt eight ounces; theſe were put into a bot 
head of white glaſs, with a neck of about twenty inches long, which being hermetical 
ſealed (after the glaſs had been a while kept over the fire, leaſt that ſhould break b 
the rarefaction of the air) the metal was kept in fuſion for an hour and a quarter, as (being 
hindered by a company of ſtrangers from being there myſelf) the laborant affirmed 
Being unwilling to venture the glaſs any longer, it was taken from the fire, and when 


it was grown cold, the ſealed end was broken off: but before I would have the bottom 


cut out, I obſerved that the upper ſurface of the metal was very darkly coloured, 
and not at all ſmooth, but much and very oddly aſperated ; and the lower part had 
between the bottom, and the lower part of the lump, a pretty deal of looſe dark: co. 
lured calx, though the neighbouring ſurface, and ſome places of the lump itſelf, looked 
by candle-light (it being then night) of a golden colour. The lump and calx together 
were weighed in the ſame ſcales carefully, and we found the weight to have increaſed 
twenty-three grains, and better, though ail the calx we could eaſily ſeparate, bring 
weighed by itſelf, amounted not to four ſcruples, or eighty grains, 

For confirmation of this experiment, I ſhal] ſubjoin another, wherein but a quarter of 
ſo much metal was employed, with ſuch ſucceſs, as the annexed memorial declares, 


EXxXPERTAME NT: 


[Two ounces of filings of tin were carefully weighed, and put into a little retort, 
whoſe neck was afterwards drawn ſlenderly out into a very ſmall apex : then the glass 
was placed on kindled coals, which drove out furncs at the ſmall orifice of the neck for 
a pretty while. Afterwards the glaſs, being ſcaled up at the apex, was kept in the fre 
above two hours; and then being taken off, was broken at the ſame apex z whereupon 
J heard the outward air ruſh in, becauſe, when the retort was ſealed, the air within it 
was highly rarcfied. - Then the body of the glaſs being broken, the tin was taken our, 
conſiſting of a lump, about which there appeared ſome grey calx, and ſome very ſmall 
globules, which ſeemed to have been filings melted into that form. The whole weighed 
two ounces, twelve grains, the latter part of which weight appeared to have been gained 
by the operation of the fire on the metal. In the neck ot the retort, where it was 
Joined to the body, there appeared a yellowiſh and clammy ſubſtance thinly ſpread, 
which ſmelt almoſt like the fcetid oil of tartar. | 


EXPERIMENT VI. 


To vary the foreging experiments by making trials on a mineral, that is held to be of 


a very metalline nature, but is not a true metal, nor will be brought to fuſion by 8 
mode- 


Fire and Flame Stable and Ponderable. 


moderate a heat, as will ſuffice to melt tin, and yet has parts leſs fixed than tin, as being 
far more eaſily ſublimable, we thought fit to make the following experiment. 

[WE took an ounce of filings of zink, carefully weighed ; and having as carefully put 
chem into a round bolt-glaſs, we cauſed the neck to be drawn out very ſlender, and then 
ordered the laborant to keep it upon quick coals for the J e time. Afterwards re- 
turning home, I called for the glaſs, which, he ſaid, he had kept four hours upon the 
coals z anſwering me alſo, that there did, for a great part of the time, ſmoke appear to 
aſcend from the zink, and get out at the unſtopped apex. And in effect I obſerved, 
that the upper part of the glaſs was lined with flores or ſublimate of a darkiſh grey. 
The glaſs being dexterouſly cut aſunder, we took out not only the filings of zink, jome 
of which were melted into little globules, but the flores too; and yet weighing all theſe 
in the ſame ſcales we had uſed before, we found five grains and ſomewhat better want- 
ing of an ounce. Which we the leſs wondered at, becauſe of the continuance of the 
lately mentioned exhalations emitted by the filed mineral. 


EXPERIMEN T VII. 


Fox more ample confirmation of the truth diſcovered by what I have been reciting 
about tin, I thought fit to try the like experiment upon another metal, which, though 
of ſomewhat more difficult fuſion than tin, I had reaſon to think might, if employed in 
a. moderate quantity, and warily managed, be kept melted in glaſs without breaking it. 
And accordingly, having carefully weighed out four ounces of good lead, cot betore- 
hand into pieces little enough for the orifice of the glaſs, I cauſed them to be put into a 
{mall retort with a long neck, wherein was afterwards left but an orifice not much big ger 
than a pin's head: then leaving directions with the laborant what to do, becauſe I was 


myſelf called abroad, at my return he brought me, together with the glaſs, this ac- 


count; that he had kept it over and upon the coals two hours, or better, and then ſy 
poſing the danger of breaking the glaſs was over, he had ſealed it up at the little orifice 
newly mentioned, and kept it on the coals two hours longer. Before the glaſs (which 
| found to be well ſealed) was broken, 1 perceived the pieces of Itad to have been melted 
into a lump, whoſe ſurface was dark and 1ugged, and part of the metal to have been 
turned into a dark- coloured powder or calx : all this being taken out of the retort, was 

weighed in the ſame balance, whereon the lead appeared to have gained by the operation 
ſom-what above thirteen grains. EEE 


EXPERIMENT VIII. 


To ſhew that metals are not the only bodies that are capable of receiving an increaſe 
of weight from the fire, I thought fit to make upon coral a trial, whereof my memorial 
gives me this account, 5 

(LirTLE bits of good red coral, being hermetically ſealed up in a thin bubble of 
glaſs, after two drachms of them had been weighed out in a pair of nice ſcalcs, were 
warily kept at ſeveral times over and upon kindled coals, and at length being taken cut 
for good and all, were found of a very dark colour, and to have gained in weight three 
grans and about a half.] 
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New Experiments, GW. 


EXPERIMENT IX, 


Ox x experiment there is, which, though it might have come in more properly x 
another place, is not to be omitted in this, becauſe it may invite us to conſider, whe. 
ther, in the foregoing experiments, excepting thoſe made on lead and tin in ſealed yet. 
ſels, there may not be more of the fire adherent to, or incorporated with the body ex. 
poſed to it, than one would conclude barely from the recited increments of their Weight 
For having taken very ftrong freſh quick-lime, provided on purpoſe for choice exper. 
ments, and expoſed it, before the air had time to flake it, upon the cupel, to à ſtrong 
fire, where it was kept for two hours; I found that it had increaſed in weight eye, 
ſomewhat beyond my expectation. For being ſeaſonably put into the balance, the 
lumps, that weighed, when expoſed, but two drachms, amounted to two drachms and 
twenty-nine grains; which makes this experiment a pregnant one to our purpoſe, Por 
by this it appears, that notwithſtanding a body may for many hours, or even for ſome 
days, be expoſed to a very violent fire, yet it may be ſtill capable of admitting and te. 
raining freſh corpuſcles; fo that, though well made lime be uſually obſerved to be much 
lighter than the ſtones whereof it is made, yet this lightneſs does not neceſſarily prove, 
that, becauſe a burnt lime-ſtone bas loſt much of its matter by the fire, it has therefore 
acquired no matter from the fire; but only infers, that it has loſt far more than it has got. 
And this may give ground to ſuſpect, that in moſt of the foregoing trials, the acceſſon of 
the fiery particles was greater (though in ſome more, in others leſs fo) than the balance 
diſcovered ; fince, for aught we know, divers of the lefs fixed particles of the expoſed 


body might be driven away by the vehemence of the heat; and conſequently the igneous 


corpuſcles, that faſtened themſelves to the remaining matter, might be numerous enough 
not only to bring the acceſſion of weight, that was found by the ſcales, but to make 
amends for all the fugitive particles, that had been expelled by the violence of the fire. 


And fince ſo fixed a body as quick-lime is capable of being wrought upon by the igneous 


effluvia, ſo as that they come to be, as it were, incorporated with it, it may, perchance, 
be worth conſidering, whether in other calcined, or incinerated bodies, the remaining 
calces, or aſhes, may not retain more than the bare impreſſion (unleſs that be ſtretched to 
mean ſome participation of a ſubſtance) of the fire, Whether theſe particles, that adhere 


to, or are mingled with the ſtony ones of the lime, may have any thing to do in the heat 


and tumult, that it produced upon the flaking of lime, this is not a fit place to examine, 
And though by this experiment, and thoſe-made in ſealed retorts, which ſhew that what 
is afforded by fire may in a corporeal way invade, adhere, and add weight to even 


fixed and ponderous bodies, there is a large fold opened for the ſpeculative to apply. 


this diſcovery to divers phznomena of nature and chymiſtry ; yet I ſhall leave this ſubject 
unmeddled with in this place. 
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PONDERABLE PARTS or FLAME. 


With ſome Reflections on it by way of COROLLARY. 


| * AT I might obviate ſome needleſs ſcruples, that may be entertained by ſuſpi- 

cious wits upon this circumſtance of our additional experiments, That the glaſſes 
* employed about them were not expoſed to the action of mere flame, but were held 
* upon charcoals** (which to ſome may ſeem to contain but a groſſer kind of fire); and 
that alſo I might, by diverſifying the way of trial, render ſuch experiments both more 
fit to afford corollaries, and more ſerviceable to my other purpoſes, I attempted to 
make it ſucceed with a body ſo thin and diſengaged from groſs matter, as mere flame is 
allowed to be, knowing, that by going cautiouſly with it to work, one might handle a 

retort without breaking it, in ſpite of a violent agitation of kindled matter. 


EXPERIMENT TT I. 


SurposING then that good common ſulphur, by reaſon of its great inflammability, 
and the vehemency and penetrancy of its flame, would be a very fit fuel for my pur- 
poſe, I provided a ſmall double veſſel ſo contrived, that the one ſhould contain as many 


coals, as was neceſſary to keep the ſulphur melted, and that the other, which was much 
{maller, 
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A Diſcovery of the Perviouſuſs of Glaſs. 


ſmaller, and ſhaped like a pan, ſhould contain the brimſtone requiſite for our trial: 304 
laſtly, that theſe two ſhould be with a convenient lute ſo joined to one an 2 
all being cloſed at the top, ſave the orifice of the little pan (the fire and ſmoke of the 
coals having their vent another way) no fire ſhould come at the retort to be employed, 
but the flame of the burning brimſtone. Then two ounces of filings of tin being heed. 
fully weighed out, and put into a glaſs retort provided for ſuch trials, and made fit to be 
eaſily ſealed up at the neck, when the time ſhould be convenient, the ſulphur (which 
ought to be of the purer fort) was kindled, and the glafs by degrees expoſed to it; where 
it continued, as the laborant informed me (the ſmell of brimſtone, peculiarly offenſive 
to me, forbidding me to be preſent) near two hours before the metal melted ; after 
which, he kept the retort near an hour and half more, with the metal melted in it. Then 
bringing it me to look upon, I perceived a pretty deal of darkiſh calx at the bottom, and 
partly too upon the ſurface of the far greater part of the metal, which now lay in one 
lump. The part of the retort that had been ſealed, being broken off, we firſt took 
out the calx, and then the lump, and putting .them into the ſcales they had been for. 
merly weighed in, found them to have made a very manifeſt acquiſt of weight, which, 
it both the laborant and I be not miſtaken (for the paper which ſhould inform us, is 
now miſſing) amounted to four grains and a half, gained by the recited operation, Af. 
terwards, we being grown more expert in making ſuch trials, the experiment was fe. 
ted with the ſame quantity of filings of the ſame metal: at the end of the opera; 


(which in all laſted ſomewhat above three hours) having broken off the ſealed neck of 
the retort, we found that a good proportion of dark-coloured calx had been produced, 
This being weighed with the uncalcined part of the metal, the two ounces we firſ 
put in, appeared to have acquired no leſs than eleven grains and a half (and ſomewhat 


better). 


Sucn ſupeiſtructures, both for number and weight, may poſſibly in time be built on 
this and the like experiments, that I ſhall venture to obviate, even ſuch a ſcruple, 25 
like to be judged roo ſceptical, But I remember, that, conſidering upon occaſion of 
ſome of the experiments, formerly recited, that though: it-were very improbable, yet it 
did not appear impoſſible, that the increment of weight, acquired by bodies expoſed in 
glaſs- veſſels to the fire, might proceed, not from the corpuſcles of fire, but from the 
particles of the glaſs itſelf, looſened by the power of ſo intenſe a heat, and forcibly driven 
into the incloſed body ; I was content to take a couple of glaſſes, whereof one va 
thaped into a little retort, and having weighed them, and then having kept them fora 
conſiderable time upon kindled coals, and then weighed them again, I could gather lit 
tle of certainty from the experiment (the retort at one time ſeeming to have acquired 
above half a grain in the fire) ſave that there was no likelihood at all, that ſo conſiden. 
ble an encreaſe of weight, as we divers times obtained in cloſe veſſels; ſhould proceed 


from the glaſs itſelf, and not from the fire, 


EXPERIMENT II. 


BreAusk it ſeems evident enough, that whatever chymiſts tell us of the hypoſtatic 
ſulphur, common brimſtone is a body heterogeneous enovgh, having in it ſome part 
of an oily or inflammable nature, and others acid, and very near of kin to the ſpirits of 
vitriol ; I thought fit to vary aur experiment, by making it with a liquor that 1s gee 


rally reputed to be as homogeneous as chymiſts themſelves are wont to render a0, 


mean with a ſpirit of wine, or ſome ſuch liquor as will totally flame away Form 
0 
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A Diſcovery of the Perviouſuſs of Glaſs 


affording ſoot, or leaving any drop of phlegm behind it. In proſecution of this deſign, 
ve carefully weighed out an ounce of filings of block- tin, and put them into a glaſs retort, 
ft for the purpoſe, whoſe neck was afterwards drawn out to a great ſlenderneſs; and 
we alſo provided a conveniently ſhaped metalline lamp, ſuch as that the flame of this 
ardent ſpirit might commodiouſly burn in it, and yet not melt or crack it; which lamp, 
though furniſhed with a cotton wick, afforded no ſoot, becauſe, as long as it was ſup- 
led with liquor enough, it remained unburnt. Theſe things being in readineſs, the 
retort was warily approached to the flame, and the metal was thereby in a ſhort time 
melted. After which, the glaſs being kept expoſed to the fame flame for near two 
hours in all, the ſealed apex of the retort was broken off, and there appeared to have 
been produced a not inconſiderable quantity of calx, that lay looſe about the r-maining 
t of the tin, which, upon its growing cold, was hardened into a lump. I his, and 
the calx, being taken out of the retort with care, that no little fragment of &|ais ſhould 
at all impoſe upon us, was. weighed in the ſame ſcales as formerly, and found to have 
gained four grains and a half, beſides the duſt, that ſtuck” in the inſide of the retort, of 
which we reckoned enough to make about half a grain more; ſo that of ſo fine and 
pure a flame, as of this totally ardent ſpirit, enough to amount to five grains, was ar- 
reſted, and in good meaſure fixed by its operation on the tin it had wrought upon. 


EXPERIMENT II. 


Fox confirmation of the former trial, wherein we had employed the ſpiritus ardens 
of ſugar, we made the like experiment with highly rectified ſpirit of wine, only fub- 
ſtituting an ounce. of lead inſtead. of one of tin. The event, in ſhort, was this; that 
after the metal had been for two hours or better kept in the flame, the ſealed neck of 
the retort being broken off, the external air ruſhed in with a noiſe (which ſhewed the 
veſſel to have been very tight) and we found pretty ſtore of the lead, for it was above 
ſeven ſcruples, turned into a greyiſh calx, which together with the reſt of the metal 
being weighed again, there was very near, if not. full ſix grains of increaſe of weight 
acquired by the operation. 

1, N. B. Taz lump of lead, that remained after the newly recited operation, being 


| ſeparated from the calx, was weighed and cut in pieces, that it might be put into a 


freſh retort, wherein it was again expoſed to the flame of ſpirit of wine, that I might 
latisfy mylclf, whether probably the whole body. of the lead might not, by repeated 
operations, or (perhaps by one continued long enough) be reduced to cal. And though 
after the retort (whole neck had been drawn out) had been kept in the flame for about 
two hours, it was, by the negligence of a foot boy, unluckily broken, and ſome. of the 
calx loſt ; yet we made a ſhift to ſave about five grains of it (whoſe colour was yel- 
lowiſn; which was enough to make it likely, that if we had had conveniency to purſue 
the operation to the utmoſt, the whole metal might have been calcined by the action of 
the flaming ſpirit. | 
2. N. B. Anp leſt you ſhould be induced by ſome chymical conceit to imagine, that - 
the particles that once belonged to flame, did make more than a coalition with thoſe” 
of the lead, and by a perfect union were really tranſmuted into the metal whoſe weight 
they encreaſed ; I ſhall add, that (according to a method elſewhere delivered) I examined 
the ſeven ſcruples of calx, mentioned to have been made in the third experiment, by 
weighing them in air and water, and thereby found, as I expected, that though the 
abſalute gravity. of the metal had been encreaſed by the particles of flame, that MEE 
aſt 


* 
——— 
e nm 


725 = | 


726 


faſt to it, yet this aggregate of lead and extinguiſhed flame had loſt much of its 


A Diſcovery of the Perviouſneſs of Glaſ, 


fick gravity. For whereas lead is wont to be, to water of the ſame bulk, as abo ſecs 


Tarss are not the only experiments I made of the operation of mere flame upon bo. 


dies incloſed in glaſſes; but theſe, I Nn are ſufficient to allow me to comply with | 


my preſent haſte, and yet make good the title prefixed to this paper. For whence can this 
encreaſe of abſolute weight (for I ſpeak not of ſpecifick gravity) obſerved by us in the 
metals expoſed to the mere flame, be deduced, but from ſome ponderable parts of tha 
flame? And how could thoſe parts invade thoſe of the metal incloſed in a glaſs, other. 
wiſe than by paſſing through the pores of that glaſs ? But becauſe I judge it unphilog. 
phical, either to be more careful, that what one writes ſhould appear ſtrange, than he 
true; or to be forward to advance the repute of ſtrangeneſs to the prejudice of the in. 
tereſt of truth, though it be perhaps but a remote one, or a collateral one; I ſhall deal 


ſo impartially, as to ſubjoin on this occaſion two or three ſhort intimations, that ma 


prove both ſeaſonable for caution, in reference to the porouſneſs of glaſs, and give x 
hint or two in relation to other things. | 

I yo rot then, by the foregoing experiments, pretend to make out the poroſity 
of glaſs any farther, than is expreſſed in the title of this paper; namely, in reference 
to ſome of the ponderable parts of flame. For otherwiſe I am not at all of their mind, 
that think glaſs is caſily penetrable, either, as many do, by chymical liquors ; ct, 
as ſome, by quickſilver ; or, as others, at leaſt by our air; thoſe opinions not agree. 
ing with the experiments I made purpoſcly to examine them, as you may find in aro- 
ther paper. 

Acaiv, if we compare the increaſe we obſerve to be made in the weight of the bo- 
dies, that we expoſe to the naked fire, and thoſe of the ſame or the like kinds, that we 
included in glaſſes, or ſo much as in crucidles; it may be worth conſidering, whether 
this difference in acquired weight may not give cauſe to ſuſpect, that the corpuſcles, 
whereof fire and flame conſiſts, are not all of the ſame ſize, and equally agitated, but 
that the interpoſed veſſel keeps out the groſſer particles like a kind of ſtrainer, though it 
gives paſſage to the minuteſt and moſt active. 

I ory it allo to conſideration, whether this perviouſneſs of glaſs, even to the minute 
particles that pervade it, and their adheſion to the metal they work on, does neceſſarily 
imply pores conſtantly great enough to tranſmit ſuch corpuſcles : or, whether it may not 
be ſaid that gla's is generally of a cloſer texture, than when in our experiments the pores 
are opened by the vehement heat of the flame, that beats upon it, and in that ſtate 
may let paſs corpuſcles too big to permeate glaſs in its ordinary ſtate z and, that this 
penetration is much aſſiſted by the vehement agitation of the igneous parts, which, by 
the rapidneſs of their motion, both force themſelves a paſſage through the narrow pores 
of the glaſs, and pierce deep enough into thoſe of the included body, to tick faſt there 
(as hail-ſhot thrown with one's hand againſt a board will paſs off from it, but being 


| ſhot out of a gun will pierce it, and lodge themſelves in it): and I know a menſtruum, 


that docs not work upon a certain meral, whilſt the liquor is cold, or but faintly heated; 
and yet by intending the heat, would be made to turn it into a powder or calx (for it 
dots not properly diſſolve it). | 38. 
PERHAPS it may not be amiſs to add on this occaſion, that though glaſs be general 
acknowledged to have far ſmaller pores, than any other matter wont to be implied to 
make veſſels, that are to be expoſed to the fire; yet, till 1 be farther ſatisfied, I ſhall 
torbear both to determine, whether the rectitude, that ſome philoſophers ſuppoſe in the 


7 | pores 


ven and an half to one; the ſubtil calx of lead was to water of the ſame bulk, oe 
| 


at all, more than as nine to one. 


COROLLARIES. 


reg of glaſs, as it is a tranſparent body, or rather in their ranks or rows, may facili- 
late the perviouſneſs we above obſerved in glaſs, and to conclude from the foregoing 
experiments, chat ponderable of flame will be able, as well to paſs through the 
of metalline veſſels, as t oſe of glaſs. For though, with a filver veſſel, made 


merely of plate, without ſoder, I made two or three trials (of which you may com- 


mand an account) in order to the reſolving of theſe doubts ; yet by an accident, which, 


though it were not a ſurprizing one, was unlucky enough to defeat my endeavours, . 
] was kept, for want of fit accommodations, from bringing my intended trials to an 


iſſue. 


Anp now having endeavoured by the foregoing advertiſements, to prevent the having 
unſafe conſequences drawn from our experiments; it remains, that I briefly point at three 
or four corollaries, that may more warily be deduced from them. To which, if I get : 


time, I may ſubjoin a hint or two about further enquiries, 


COROLLARY I. 


Confirming this paradox, that flame may att as a nenſtruum, and nate coalitions with the 
bodies it works on. , 


Tur experiments we have made and recited, of the permeating of flame (as to ſome - 


of its parts) through glaſs veſſels, and of its working on included metals, may much con- 


firm the paradox I have elſewhere propoſed, that flame may be a menſtruum, and. work 
on ſome bodies at the rate of being ſo; I mean, not only by making a notable commi- - 


nution and diſſipation of the parts, but by a coalition of its own particles with thoſe of 


the fretted body, and thereby permanently adding ſubſtance and weight to them. Nor 
is it repugnant: to flame's being a menſtruum, that in our experiment the lead and tin, 
expoſed to it, were but reduced to powder, and not diſſolved in the form of a liquor, 


and kept in that ſtate. For, beſides that the interpoſed glaſs hindered the igneous par- 
ticles from getting through in plenty enough; I conſider that it is not neceſſary, that 


all menſtruums ſhould be ſuch ſolvents, as the objection ſuppaſes. For whether it be 
(as I have ſometimes ſuſpected) that menſtruums, that we think ſimple, may be com- 
pounded of very differing parts, whereof one may precipitate what is diſſolved by the 


other; or for ſome other cauſe, I have not now time to diſcuſs. Certain it is, that 
ſome. menſtruums corrode metals and other bodies, without keeping diſſolved all, or 


perhaps, any conſiderable part; as may be ſeen, if you put tin in a certain quantity of 
aqua fortis, which will in a very ſhort time reduce it almoſt totally to a very white ſub- 
ſtance, which, when dry, is a kind of calx. And ſo by a due proportion of oil of vitriol, 


abſtracted from quickſilver by a ſtrong fire, we have divers times reduced the main 


body of the mercury into a white powder, whereof but an inconſiderable part would be 
diſſoluble in water. And ſuch a white calx I have had by the action of another fretting 


liquor on a body not metalline. 


AND having thus cleared our paradox of the oppoſed difficulty, my haſte would im- 
mediately carry me on to the next corollary, were it not, that there is one phænome- 
non belonging to this place, that deſerves to be taken notice of. For whether it be, as 
items probable, from the vehement agitation of the permeating particles of flame, that 
violently tear aſunder the metalline corpuſcles, or from the nature of the igneous men- 


'truum (which being, as it were, percolated through glaſs itſelf, muſt be ſtrangel 


minute) it is worth obſerving, how ſmall a proportion, in point of weight, of the addi- 
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tional adhering body may ſerve to corrode a metal, in compariſon of the quantity of 
gar menſtruums, that · is requiſite for that purpoſe. For whereas we are obliged * 
ploy, to the making the ſolution of crude lead, ſeveral times its weight of N 
vinegar, and (though not ſo many times) even of aqua fortis, it was obſerved in 
experiment, that, though the lead was encreaſed but ſix grains in weight, yet above ſix 
ſcore of it were fretted into powder, ſo that the corroſive body appeared to be abou 
the. ewenticth part of. the corroded, | 


— 
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COROLLARY I. 
Propofing a paradox about calcination, and calces. 


AnoTHER conſequence, deducible from our diſcovery of the perviouſneſs of glaſs to 
flame, may be this, that there is cauſe to queſtion the truth of what is generally taken 
for granted about calcination, and particularly of the notion, that not only others, but 
chymiſts themſelves, have entertained about the calces of metals and minerals, Fot 
whereas it is commonly ſuppoſed, that in calcination the greater part of the body i; 
driven away, and only the earth, to which chymiſts add the fixed ſalt, remains behind; 
and whereas even mechanical philoſophers (for two or three of them have taken notice 
of calcination) are of opinion, that much is driven away by the violence of the fire, and 
the remaining parts, by being deprived of their more radical and fixed moiſture, are 
turned into dry and brittle particles : whereas theſe notions, I ſay, are entertained 
about calcination, it ſeems, that they are not well framed, and do not univerſally hold; 
ſince, at leaſt, they are not applicable to the metals our experiments were made on. For, 
it does not appear by our trials, that any proportion, worth regarding, of moiſt and fugi- 
tive parts, was expelled in the calcination ; but it does appear very plainly, that by this 
operation the metals gained more weight than they loſt ; ſo that the main body of the 
metal remained entire, and was far from being, either as a peripatetick would think, 
elementary earth, or a compound of earth and fixed ſalt, as chymiſts commonly ſup- 
poſe the calx of lead to be. From which very erroneous hypotheſis they are wont to 
infer the ſweet vitriol of lead, which they call ſaccharum Saturni, to be but the ſweet ſalt of 
it extracted only by the ſpirit of vinegar, which does indeed plentifully enough concur to 
compoſe it. Whence I conclude, that the calx of a metal even made as they ſpeak, per 
ſe, that is, by fire without additament, may be, at leaſt in ſome cafes not the caput 
mortuum, or terra damnata, but a magiſtery of it. For, in the ſenſe of the moſt in- 

telligible of the chymical writers, that is properly a magiſtery, wherein the principles 
are not ſeparated, but the bulk of the body being preſerved, it acquires a new and 
convenient form by the addition of the menſtruum, or ſolvent, employed about the 
preparation. And, not here to borrow any argument from my notes about particuiat 
qualities, you may gueſs how true it is that the greateſt part of the body, or all the 
radical moiſture, 1s expelled in calcination, which therefore turns the metal into an arid, 
unfuſible powder; by this, that I have ſeveral times, from calx of lead, reduced cor- 
poral lead. And I remember, that having taken what I gueſſed to be but about a thits, 
or fourth part of the calx of 1:ad, produced by the third experiment, I found by atri 


purpoſely deviſed, that without any flux-powder, or any additament, but mercly 0 = 
the application of the flame of highly rectified ſpirit of wine, there could, in a (bot Win 
| time, be obtained a conſiderable proportion of malleable lead; whereof the part I hal oke 


the curioſity to examine, was true malleable lead; ſo little was the arid powder, 9 


COROLLARIES. 


dis was reduced, deprived by the foregoing calcination of the ſuppoſed radical moiſture 
requiſite to a metal, The conſideration of what may be drawn from this reduction, in 
ce to the doctrine of qualities, belongs not to this place. 


COROLLAR T II. 


Oxt uſe, among the reſt, we may make, by way of corollary, of the foregoing diſ- 
covery, which is in reference to a controverſy warmly agitated among the corpuſcular 
philoſophers themſelves. For ſome of them, that follow the Epicurean or atomical 
hypotheſis, think that when bodies are expoſed in cloſe veſſels to the fire, though the 
igncous corpuſcles do not ſtay with the bodies they invade, yet they really get through 
the pores of the interpoſed veſſels, and permeate the included bodies in their paliage 
upwards z whereas others, eſpecially favourers of the Carteſian doctrine, will not allow 
the atomiſts igneous corpuſcles, which they take to be but vehemently agitated particles 
of terreſtrial matter, to penetrate ſuch minutes pores as thoſe of glaſs; but do ſuppoſe 
the operation of the fire to be performed by the vehement agitation made of the ſmall 
parts of the glaſs, and by them propagated to the included bodies, whole particles, by 
this violent commotion, are notably altered, and receive new textures, or other modifi- 
cations. 

Bur our experiments inform us, that though neither of the two opinions ſeems fit to 
be deſpiſed, yet neither ſeems to have hit the very mark: though the Epicurean hypo- 
theſis comprize ſomewhat more of the truth, than the other. For though it be not im- 
probable that the briſk agitation, communicated by the ſmall parts of the glaſs to thoſe 
of the body contained in it, may contribute much to the effect of the fire; and though, by 
the ſmall increment of weight we found in our expoſed metal, it is very likely, that far 


the greater part of the flame was excluded by the cloſe texture of the glaſs; yet, on the 


other ſide, it is plain that igneous particles were trajected through the glaſs, which agrees 
with the Epicureans ; and they, on the other fide, miſtook in thinking that they did 


but paſs through, and divide, and agitate the included bodies; to which, nevertheleſs, 


our experiments ſhew, that enough of them, to be manifeſtly ponderable, did perma- 
nently adhere, F= 

WaeTHER theſe igneous corpuſcles do ſtick, after the like manner, to the parts of 
meat, dreſſed by the help of the fire, and eſpecially roaſt- meat, which is more imme- 
diately expoſed to the action of the fire, may be a queſtion which I ſhall now leave un- 
diſcuſſed, becauſe I think it difficult to be determined, though, otherwiſe, it ſcems wor- 
thy to be conſidered, in regard it may concern men's health to know, whether the coc- 
tion of meat be made by the fire, only as it is a very hot body, or whether it permanently 
communicates any thing of its ſubſtance to the meat expoſed to it: in which laſt caſe, it 
may be ſuſpected, that not only the degree and manner of application of a fire, but the 
nature of its fuel, may be fit to be conſidered. 


COROLLARY WV. 


Tux experiments above recited give us this further information, that bodies very ſpi- 
ritdous, fugitive, and minute, may, by being aſſociated with congruous particles, though 


ot Quite another nature, ſo change their former qualities, as to be arreſted, by a ſolid 
Vol. III. 42 and 
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and ponderous body, to that degree, as not to be driven away from it by a fire inter 
enough to melt and calcine metals, | 
For the foregoing trials (taking in what I lately delivered of the leſſened ſpecific 
- gravity of calcined lead) ſeems plainly enough to diſcover, that even the agitated part 

of flame, minute enough to pals through the pores of glaſs itſelf, were, as it were Fay 
tangled among the metalline particles of tin and lead, and thereby brought to be fixed 
enough to endure the heat, that kept thoſe metals in fuſion, and little by little reduced 
them into calces: which is a phænomenon, that one would not eaſily look for, eſpecial 
conſidering how ſimple a texture that of lead or tin may be ſuppoſed to be, in compar. 
ſon of the more elaborate ſtructures of very many other bodies. And this phænome. 
non, which ſhews us what light and fugitive particles of matter may permanently concyr 
to the compoſition of bodies ponderous and fixed enough, may perchance afford uſefy| 
hints to the ſpeculative ; eſpecially if this ſtrict combination of ſpirituous and fugitive ſub. 
ſtance with ſuch, as being groſs or unwieldy, are leſs fit than organized matter, to en. 
tangle or detain them, be applied (as it may be with advantage) to thoſe aggregates of 
ſpirituous corpuſcles, and organical parts, that make up the bodies of plants and animal, 
And this hint may ſuggeſt a main inference to be drawn from the operations of the ſun- 
beams on appropriated ſubjects, ſuppoſing it to prove like that of flame on tin and lead, 

Anp now having diſpatched our corollaries, we might here enquire, whether all the 
particles of fire and flame, that are ſubtil, and agitated enough to penetrate glals, and 
faſten themſelves to included bodies, be reduced by ignition to the ſame nature, or elle 
retain, ſomewhat of their proper qualities? which enquiry I have ſome cauſe not to think 
ſo undeterminable, as at firſt bluſh it may appear. For one of the ways that may be pro-. 
poſed for this examen, is already intimated at the cloſe of the third experiment; which 
ſhews, that we may compare the ſpecifick gravity of the calces of the ſame metal, made 
in glaſſes by the operation of flames, whoſe fuels are of very differing natures. And! 


ſaid, one of the ways, becauſe it is not the only way I could name, and have panty 
tried. But though I might ſay more concerning expedients of this kind, and could 
perhaps propound other enquiries, that may reaſonably enough be grounded upon tie 
hitherto recited phænomena (and thoſe of ſome other like trials) yet I muſt not units. 


ſonably forget, that the purſuit of ſuch diſquiſitions would lead me much farther, than ! 
have now the leiſure to follow it. | 


CONCERNING 
SMS CR1S 


A VEGETABLE PRODUCTION. 


Firſt publiſhed in the Philoſophical Tramſactions, No 97, p. 6113, | 


for September 13, 1073. 


SIR, 


OME occaſions calling me this afternoon up to London, I met there with a 
very intelligent gentleman, who was ready to go out of it; but before he 
did ſo, he willingly ſpared me ſome time to diſcourſe with him about ſome of 
the affairs of our Eaſt-Indiaa Company, of which he was very lately deputy- 


governor z and, his year being expired, is ſtill one of the chief of the court of com- 


mittees, which a foreigner would call directors, that manage all the affairs of that 
conſiderable ſociety. And, among other things, talking with him about ſome contents 
of a jouraal lately taken in a Dutch Eaſt-Indian prize, I learned from him, that he, 
who underſtands that language very well, is now peruſing that manuſcript, and, among 
many other things recorded there, that concern the ceconomical and political affairs of 
the ſaid Dutch Company, he met with one phyſical obſervation which he thought ſo 
rare, that remembering the curioſity I had expreſſed for ſuch things, he put it into Eng- 
liſh, and tranſcribed it for me, and immediately drawing it out of his pocket, he pre- 
ſented me the ſhort paper, whereof I now ſhew you the copy: upon peruſal of which, 
you will very eaſily believe, that not only his civility obliged me, but the information 
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4 Letter concorning Amberg is. 


it brought me, ſurprized me too. For the ſeveral trials and obſervations of m 


about ambergris, have long kept me from acquieſcing either in the vulgar opinions or 
thole of ſome learned men concerning it; yet I confeſs, my expesiments did-navch-le 


diſcover what it is, than this paper has done, in caſe we may ſafely and entirely give Cre. 
dit to its information, and that it reach to all kinds of e - And, probably, you 
will be invited to look on this account, though not as co Pete, yet, as very ſincere, and 

on that ſcore, credible, if you conlider, that this was not written! by a philoſopher 0 
broach a paradox, or ſerve an hy potheſis, but by a merchant, or factor, for his ſuperiors, 
to give them an account of a matter of fact; and that this paſſage is extant in an authentic 
journal, wherein theuffairs of the company were, by publick order, from time to time, 
regiſtered, at their chief colony, Batavia. And it appears by the paper itſelf, that tie 
relation was not looked upon as a doubtful thing, but as a thing, from which a prac. © 
tical way may be deduced to make this diſcovery eaſily Jucriferous to the Dutch Company, 

And I could heartily wiſh, that in thoſe countries that are addicted to long navigations, 
more notice, than is uſual, were taken and given of the natural rarities that occur to mer. 


- Chants and ſeamen. On which occaſion, I remember, when I had, in compliance with my 


curioſity, put my ſelf into our Eaſt- Indiana Company, and had, by their civility to me, 
been choſen of their committee, as long as my health allowed me to continue fo, I had 
the opportunity in ſome regiſter books of merchants, Engliſh and Dutch, to obſerve 
ſome things, which would eaſily juſtify this wiſh of mine, if my haſte, and their intereſi, 
would permit me to acquaint others with them. But to return to our account of am- 
bergris, I think you will eaſily believe, that if I had received it not by a paper, but 


immediately from the writer, I ſhould, by propoſing divers queſtions, have been enabled 


to give you a much more fatisfactory account, than this ſhort one contains. But the 
obliging perſon that gave it me, being juſt going out of town, I could not civilly ſtay 
him to receive my queries about it; which though (God permitting) I may propoſe, 
ere long, if I can light on him again, yet I fear he has given me in theſe few lines, all 
that he found about this matter. However, this relation, as ſhort as it 1s, being about 
the nature of a drug ſo precious, and fo little known, will not, 1 hope, be unwelcome 
to the curious; to whom none is fo like to convey it ſo ſoon, and ſo well, as M. C.; 
whoſe forwardneſs to oblige others by his various communications, challenges returns 
of the like nature from others, and paiticularly from his affectionate humble ſervant. 


i Follows the Exiraf itſelf out of a Dutch journal, belonging to the Dutch Eaft-Indian 


Company. 


MBERGRIS is not the ſcum, or excrement of the whale, &c. but iſſues out 
80 of the root of a tree, which tree, how far ſoever it ſtands on the land, always 
« ſhoots forth its roots towards the ſea, ſecking the warmth of it, thereby to deliver 
de the fatteſt gum that comes out of it: which tree, otherwite, by its copious fatnels, 
«© might be burned and deſtroyed. V/h:rever that tat gum 1s ſhot into the ſea, it is 10 
4e tough, that it is not eaſily broken from the root, unleis its own weight, and tae 
« wo.king of the warm ſea coth it, and fo it floats on the ſea. 

« THERE was found by a {o'dier, + of a pound, and by the chief, two pieces weigb⸗ 
« ing five pounds. If you plant the trees where the ſtream ſets to the ſhore, then the 
« ſtream will caſt it up io great advantage. March 1, 1672, in Batavia: journal ad- 
« vice from. 
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A SCEPTICAL DIALOGUE between CARNEADES, THEMISTIUS, 
ELEUTHERIUS, PHILOPONUS. 9 5 


SECTION I. 


Eleuth. AY one be allowed to aſk Carneades, what book it is he is reading with 
ſo much attention ? | | 


Carn, IRR queſtion, Zleutherius, is very allowable, and as eaſily anſwered, by ſaying, 
that what I was reading, is our friend Mr, Beyle's newly publiſhed Hiſtory of cold. 

. Them, Your readineſs, Carneades, to anſwer, encourages me alſo to aſk you a queſ- 
tion; which ſhall not be, as probably you expect it ſhould, how you like this new piece? 


for 


Of the Poſitive or Privative Mature of Cold. 


for I know you would be too kind to the author, not to tell me, that he has qequy 
ſame old errors, and made diſcovery of ſome new truths : but my queſtion ſhall "va 
what is my wonder, as well as that of divers others, who think it ſtrange, that a * 
that has delivered ſo many effects and other phænomena of cold, ſhould omit to tel 

ſo much, as whether he aſſerts it to be a poſitive quality, or a bare privation of bs. 
as, ſince Cardan (in his treatiſe De Subtilitate) ſome other learned men, and eſpecially 
Cartefius, have maintained. ö OY 

Carn. You will not wonder if a perſon that you look upon, and I confeſs not injv. 
riouſly, as a friend to Mr. Boyle, tell you, that this author, by the many hiſtories he ha 
preſented us, and by his not ſeeming to dare to determine the controverſy you have 
mentioned, ſhews, that he was more ſolicitous to leſſen his ignorance, than to pretend 
to knowledge: and upon the obſervation I have made of his humour in general, I pre. 
ſume one principal reaſon of his ſilence may be, that he has not yet completed the trials 
he had deſigned about cold; and thinks that in abſtruſe ſubjects, ſuch as this is, it i 
not ſo convenient to deliver a poſitive opinion of the nature of it at the beginning, as to 
reſerve it for the latter end, after the hiſtory of the phænomena; when the nature of 
the thing enquired into may, as it were, ſpontaneouſly reſult from the conſiderations 
ſuggeſted by the precedent matters of fact ſurveyed together. 

Eleutb. Ir ſuch a warineſs were indeed the motive of your friend*s ſilence, I ſhall eaſily 
excuſe it; and perhaps think too, that the like would not miſ-become naturaliſts on 
many other occaſions. And yet I do not diſlike Themiſtius's queſtion; for it is one 
thing to venture upon declaring the adequate nature of cold, and another to determine, 
whether it be a poſitive, or a privative quality ? the latter attempt importing a much 
leſs venture than the former. 

Carn. 1 WILL not pretend to know the very reaſons that induced the author filently to 
paſs by this controverſy 3 but having been once preſent, when he had occaſion to diſ. 
courſe of it, I then conjectured, that among his experiments of cold, that are not yet 

bliſhed, there may be ſome uncommon ones, that may have ſuggeſted to him ſcru- 
ples, which obliged him to forbear declaring himſelf, till he had cleared them, which 
thoſe that are unacquainted with ſuch trials, may probably have never thought of. 

Them. Ir what you call a controverſy, were indeed worthy of that name, I ſnoul( 
not unwillingly allow of your friend's filence ; but the opinion broached by Cardan, and 
adopted by Mr. Des Cartes and others, ſeems to me fo devoid not only of reaſon, but 
of all appearance of it, that methinks one that has delivered ſuch conſiderable eſfecls of 
cold, as Mr. Boyle has done, may well aſcribe to their cauſe, at leaſt a poſitive nature; 
and without at all being guilty of boldneſs, reject an opinion, that is not only barely an 
error, but an extravagance, and perhaps a plain abſurdity. 

( arn. Poss i BL the gentleman we are ſpeaking of, may be wary and ſceptical enougi 
to reckon among difficult things, not only the declaring the adequate nature of cold, 
and the manner of its operations ; but the demonſtrating whether it be a poſitive quaity 
or not. And though I will not take upon me to know his thoughts about that ſub- 
ject, which, perhaps, are grounded upon ſome of his peculiar experiments and notiuns; 
yet, for diſcourſe ſake, I am content to debate with Themiſtius, Whether or nv the 
opinion, he ſo ſeverely cenſures, be not only erroneous, as, for aught appears, 
Mr. Boyle himſelf may be found to have thought it; but alſo, as Themi//7us would hare 
it, abſurd, HOES 

Them I READILY accept of your offer; for it cannot be an unpleaſant entertainment 
to obſerve the arts, whereby one, that 1 know will not ſpeak impertinently, will ender 
vour to make realon elude ihe cleareſt teſtimonies of ſenſe, And though I might 26 

| yo 


Of the Pofitive or Privative Mature of Cold. 


ou with the concurrent authority of Ariſtolle, and all the philoſophers that have lived 
between his time and thoſe of that extravagant fellow Cardan z yet I ſhall rather employ, 
to convince you, the authority and reaſons of a grand leader among your new philoſo- 
hers, who being a great broacher of paradoxes, and having upon that ſcore written 
books expreſly againſt Ariſtotle, was not like to have ſided with him, unleſs the evidence 
of truth had, as it were, neceſſitated him to do fo. | 
Carn. I PRESUME, you mean the learned and ſubtle Gaſſendus, whom I am glad you 
have pitched upon for your cauſe's champion, not only becauſe, in defending the com- 
mon opinion, he waves the common practice of troubling his readers with a multitude 
of authorities, which to me, in ſuch a caſe as this, would ſignify very little, and betakes 
himſelf to arguments; but becauſe, being ſo modern and judicious a writer, we may 
well ſuppoſe him to have ſummed up and improved what can be ſaid in behalf of the 
cauſe he maintains. Upon which account, I ſhall be excuſed from anſwering impertinent 
objections againſt the opinion I defend, and from the trouble of ranging about, among 
other authors, for more weighty arguments than thoſe, which the diſproving of his will 


ſhew to be unſatisfactory. 


Them. I am glad you named the author, I meant Carneades, for I apprehended you - 


had not met with what he ſays upon this ſubject; becauſe J could ſcarce imagine that an 
intelligent perſon, after having read his arguments, will doubt of a truth he hath ſo 
clearly evinced by them. But ſince I perceive you have ſeen what he has written, I 
ſhall, without farther preamble, propoſe his reaſons to you, though not in the very ſame 
order wherein he has couched them. | 

Eleuth, Bur before you begin them, give me leave to aſk Carneades a ſhort queſ- 
tion, whoſe anſwer will, I ſuppoſe, conduce, if not be neceſſary, to the clearing of the 
tate of the controverſy betwixt you. For it is one thing to deny belief to the received 
opinion, that cold is a poſitive quality, and another thing to aſſert, that it is but a pri- 
vation of heat; ſince, if Carneades does undertake the latter of theſe two, he mult bring 


| poſitive arguments to prove cold to be but a negative thing. Whereas, if he content 


himſelf to play a doubting part, it may ſuffice him, being in effect but a defendant, to 
ſhew, that the proofs brought to conclude cold to be a poſitive quality are not cogent. 
Corn. | ACKNOWLEDGE your queſtion, Eleutherius, to be pertinent, and not unteaſon- 
able. And, I preſume, you will not be ſurprized, that a perſon accuſed of ſcepticiſm 
anſwers it by declaring that he undertakes not to demonſtrate, that cold muſt be a pri- 
vative or negative quality, and thinks it ſufficient for his turn, to ſhew that the argu- 
ments brought to evince it to be a poſitive one, are not concluding. And, ſince you 
have already diverted Themiſtius from beginning ſo ſoon as he intended, it will not be 
a niſs, that I continue that ſuſpenſion a little longer, to prevent, what I know we both 
hate, verbal controyerſies; which yet may very eaſily ſpring from undetermined accep- 
tions of words, as ambiguous as 1 have obſerved heat (of which I now make cold but 

a P:1vativn) to be. | 2 
We may therefore conſider, that the word heat being made uſe of to ſignify, as well 
the operations of that quality upon other bodies (as when the heat of the fire makes water 
bail, or that of the ſun melts wax, and hardens clay) as its operations upon the ſenſe 
of man (as when a moderate degree of heat is ſaid to cauſe pleaſure, and an exceſſive 
one to produce pain); this term, 1 ſay, as Mr. Bey/e alio has ſomewhere noted, may be 
employed ſometimes in a more abſolute and indefinite ſenſe, and ſometimes in a more 
confined and reſpective ſenſe; in the latter of which, it is eſtimated by its relation to 
the organs of feeling of thoſe men that judge of it. Upon which account, men are 
wont to eſteem no body hot, but ſuch an one, the agitation of whoſe ſmall parts is briſk 
enough 
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enough to encreaſe or ſurpaſs that of the particles of the organ that touches it > for 

that motion be more languid in the object, than in the fentient, the body is re & 
cold; as may appear by this, that if the ſame perſon put one of his hands, when k 
hot, and the other when- it is cold, into lukewarm water, that liquor will fee] cold n 


* the warm hand, and warm to the cold. 


Eleuth. So that, according to this doctrine, methinks, one may, for brevity ſake 
conveniently enough apply to your two fold notion of heat, thoſe expreſſions which ſome 
ichcolmen employ about certain qualities, of any of which they ſay, that it may be either 
materially or formally conſidered. And by analogy to their doctrine, ſince heat is a tai 
quality, and, as ſuch, imports primarily a relation to the organ of touching, that relation 
with what depends upon it, may paſs tor that, which is the formale, in the quality, called 
heat; and its effects and operations upon other bodies, may ſupply us with a notion of 


heat, materially taken. 


Carn. I po not always quarrel, Eleutberius, with terms borrowed from the fchook, if 
they be as much more ſhort and expreſſive than others, as they are more unuſual, gr 
even barbarous. But there is another diſtinction of heat, partly grounded upon that 
already propoſed, which, becauſe it may be of uſe in our future diſcourſe, will not be 
unfit to be here intimated. For we may conſider, that though, for the moſt part, a hot 
body is taken in the vulgar ſenſe, for that, wherein the degree of heat is ſenſible to our 
organs of feeling; yet, in a looſer ſenſe, and which, for diſtinction fake, we may call 
philoſophical, becauſe concluded by reaſon, though not perceived by ſenſe, a body may 
be conceived not to be deſtitute of heat, even when the degree of that quality is nut 
great enough to be felt by the touch; provided it can produce, in fome degree, tho 
other operations, which, when more intenſe, are acknowledged to proceed from manifeſt 
heat. For elucidation of which we may alledge, that in very froſty, and yet clear ves. 
ther, the ſun may be judged to warm the air, when it melts ſnow, and thaws ice; 
though, perhaps, many men, eſpecially of tender conſtitutions, feel in their fingers and 
toes much ſtiffneſs, and more pain, upon the account of cold. To this I may add the 
common obſervation, if you grant the truth of it, that ſnow melts much ſooner upon 
land newly turned up by the plow, than, ceteris paribus, in the neighbouring ground; 
which argues a warmth in that newly expoſed earth; though, according to the touch, 
it would queſtionleſs appear cold. But we may be furniſhed with a clearer, and more 
pregnant inſtance, by but recalling to mind what was juſt now mentioned of the warmth 
of tepid water, which was not to be felt by a hot hand, but produced there a contrary 
ſenſation of cold. Which inſtance I therefore ſcruple not to repeat, becauſe it affords 
an experiment in favour of that premiſed diſtinction, which, I think, may alſo have tis 
ground in reaſon, that a conſiderable heat is often requiſite to be ſenſible to our hands, 
&c. which are continually irrigated with the circulating blood that comes very warm out 
of the heart, and enlivened by animal ſpirits plentifully ſupplied from the brain. 

Ir Eleutberius thinks fit to accommodate this diſtinction in the vulgar, and in the 
philoſophical ſenſe to his heat, formally and materially taken, I leave him to his liberty. | 
And I ſhall alſo leave it to you both, Gentlemen, to accommodate to cold, uiid 
mutandis, as they ſpeak, what has been ſaid about the diſtinctions of heat; becauſe, I 
fear, Themiſtius thinks himſelf to have been too long detained already from propoling IS 
arguments, which he may now begin to do as ſoon as he pleaſes, | 
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Them, 1 wiLL then, with your permiſſion, begin with that argument of Gaſſendus, 
which J am able to give you in his own words; becauſe, upon the occaſion of Mr. Boyle's 
book, I made a tranſcript of what he ſays, to evince the poſitive nature of cold; and 
and having the tranſcript yet about me, it is eaſy for me to tell you, that it is this “: 
Ii ſunt frigoris elfectus, quales habere privatio, que attionis eſt incapax, non poteſs. 

Tais argument, though he begins not with it, I chooſe to make the firſt, becauſe I 
think it of ſuch weight, that, though it were the only one he could alledge, it would 
ſerve his turn and mine, fince it is drawn from the effects of cold, which, though he 
mentions them but in few and general words, experience ſhews to be both ſo manifold 
and ſo conſiderable, that if Carneades employ an hundred times as much time to anſwer 
the argument they afford, as I have done to recite it, he will, I think, do no more than 
would be neceſſary, and perhaps not enough to be ſufficient. For cold affects the organs 
of feeling, and ſometimes cauſes great pain in them, condenſes air and water, and breaks 
bottles that are too well ſtopped, congregates both homogeneous and heterogeneous 
things, increaſes hunger, checks fermentation in liquors, produces heat by antiperiſtaſis, 
in deep cellars, mines, &c. and yet freezes men and beaſts to death, diſmantles whole 
woods and foreſts of their leaves, and does (I know not how many) other feats; among 
which it is not the leaſt admirable, though one of the moſt common, that it turns the 
fluid and yielding waters of rivers and lakes, and ſometimes of part of the ſea itſelf, not 
too far from the ſhore, into firm and ſolid ice, which is often in northern climates ſtrong 
enough, not only to be travelled upon by merchants with their carriages, but to be 
fought upon by whole armies with their trains of artillery, From . which, and other 
inſtances, it is manifeſt, that effects ſo numerous and great cannot proceed from a mere 
privation, or any negative thing, but require a conſiderable, and therefore ſure a poſitive 
quality to produce them, | | 

Carn. Tris objection, Themiſtivs, is, I confeſs, a conſiderable one, and of more 
weight than any of the reſt, if not than all of them put together; but, as I think it very 
worthy to be anſwered, ſo I think it very poſſible to be well anſwered; and to give you 
my reaſons for my fo thinking, I ſhall diſtinctly conſider in the argument the two par- 

ticulars which it ſeems to conſiſt of. 

Anp fuſt we are told, that if cold be but a privation, it cannot be the object of ſenſe. 
To clear this difficulty, which, I know, you will think it very hard, if at all poſſible to 
do, I muſt beg your leave to obſerve ſomething about ſenſation in general; not as 
deſigning an entire and ſolemn diſcourſe of that ſubject, but becauſe the particular remark 
am about to make is neceſſary to the ſolution of our preſent difficulty. I obſerve 
then, that that, which, at leaſt in ſuch caſes as we are ſpeaking of, produces in the mind 
| thoſe perceptions which we call ſenſations of outward objects, is the local motion cauſed 

by means of their action upon the outward organs in ſome internal part of the brain, to 
which the nerves belonging to thoſe organs correſpond ; and the diverſity of ſenſations 
may be referred to the differing modifications of thoſe internal motions of the brain, 

either according to their greater or leſſer celerity, or other circumſtances, as our friend 
Mr. Bryle has ſomewhere exemplified in the variety of ſounds ; whereof ſome are grave, 
ſome ſharp, ſome harmonious and pleaſant, ſome jariing and offenſive z and yer all this 


Vid. Gaſſend. Phy ſicam. Sect. I. Lib. VI, cap. 6. 


You, Ill, 54 ſtrange 
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ſtrange variety proceeds from the variations of thoſe ſtrokes or impulſes which the zr 

ut into motion by ſonorous bodies, gives to the ear, n 

To this it will be conſonant, that as the air, or rather the mind by the interveq" 
of the air, is differingly affected by a very grave ſound, and a very acute one: 2 
the former proceed from the want of that celerity of motion in the undulating ir wy 
is to be found in the latter; which flowneſs, or imminution of motion, does, ho fk 
participate of, or approach to the nature of reſt; ſo in the ſenſory of feeling there may 
upon the contact of a cold body, be produced a very differing perception from tat 
which is cauſed by the contact of a hot body; and this, though the thing perceived, 
and by vs called coldneſs, conſiſis but in a leſſer agitation: of the parts of the cold body 
than cf thoſe of the hot body, in reſpect of our hands or other organs of feeling, n 

AND this leads me, for the farther clearing of this matter, to repreſent to you, tha 
ſince it is manifeſt, that bodies in motion are wont to communicate of their motion to 
thoſe more Now bodies they happen to act upon, and to loſe of their own motion by this 
communicating of it; fince this, I fay, is fo, if, for inſtance, a man take a piece of ics 
in his hand, the agitation of the particles of the ſenſory will, in good part, be commy- 
nicated to the corpuſcles of the ice, which, upon that account, -will quickly begin to 
thaw z and the contiguous parts of the hand loſing of the motion they thus part with to 
the ice, there needs nothing elſe to leſſen the agitation they had before. And there 
needs no more than this Oackening or decrement of agitation, to occaſion in the mind 
ſuch a new and Gitfering perception, as men have tacitly agreed to refer to colinek, 

' Eleuth. Ir ſcems by this diſcourſe, Carneades, that you think that ſenſation is properly 
and ultimately made in, or by the mind, or diſcerning faculty ; which, from the diftering 
motions of the internal parts of the brain, is excited and determined to differing percep- 
tions; to ſome of which men have given the names of heat, cold, or other qualities, 
So that, according to you, if a conſiderable change or variation be made in the moſt or- 
dinary, or in the former motion or modification of motion of the parts of a ſcnory, and 
conſequently of the parts that anſwer them in the brain, new ſenſations will be produced, 
whatever the cauſe of this alteration be, whether privative or poſitive, 

Carn. You do not miſapprehend my thoughts, E/eutherius, and what you ſay gives 
me a rite to illuſtrate this matter yet a little farther, by obſerving, that the {cnſories may 
be ſo accuſtomed to be affected after a certain manner by thoſe external objects, whole 
operation on them is very familiar, or perhaps almoſt conſtant, that the privation, or the 
bare imminution of the wonted operation leaves the parts of the ſenſory, for want of it, 
in a different diſpoſition from what they formerly were in; which change in the fenlory, 
if it be not too ſmall, will be attended by a perception of it in the mind, To declare 
and conficm this by an example, we may conlider, that though darkneſs be conlcſſcd\y 
a privation of light, and the degrees of it gradual imminutions of light; yet the che, 
that is, the perceptive faculty, by the intervention of the eye, may well enough be ſaid 
to perceive both light and darkneſs, that is, both a poſitive thing and the privation 0 


it. And it is obvious, that the motion of a ſhadow, which is a gradual privation of 


light, is plainly, and without difficulty, dricoverable by the eye; of which the reaſon 
may be eafily deduced from what I have bcen lately ſaying. And to ſhew you, 
that there is on theſe occaſions ſuch a change made in the orgars of ſecing, as 1s viſible 
even to by-ſtanders, I ſhall need but to appcal to the experiment of making in the da- 
time a boy or gil look towards an enlightened window, and then towards an ovicur 
part of the room; for when the latter comes to be done, you wil! plainly perceive, that 


for want of ſuch a degree of light as was wont to come in at the pupil, and lug 
7 
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tie that perforation of the uvea; that round circular hole, or, as you know they call 
ir, apple of the eye, will grow very manifeſtly larger than it was before, and then it will 
appear again, if the eye be expoſed to a leſs ſhaded light. 

Tuts obſervation may be ſeconded by what happens to a man, when coming out of 
the ſun ſhine, where the ſun-beams much contract his pupil to ſhut out an exceſſive light 
that would be offenſive to the organ, he comes preſently into a dark room, wers he 
muſt continue ſome time before he can ſee others, as well as he is ſeen by them, whoſe 
pupils have had time to be ſo enlarged, as in that darker place to let in light enough 
to wake objects viſible to their eyes, which are not ſo to his, whoſe pupils are yet con- 
trated by the light they were but juſt before expoſed to. To this I might add divers 
other piæ o mena, explicable upon the ſame grounds; but I ſhall rather chovſe to relate 
to you an uncommon. accident, which happening to eyes ſomewhat unuſually dipoſed, 
does more remarkably diſcover what alteration darkneſs, or a privation of light, may 
have upon thoſe organs. I know a very learned man, who is no lefs ſtudious of mathe- 
maticks, and other real parts of knowledge, than ſkilled in thoſe, which arc taught of 
the ſchools z this virtuoſo, who ſeemed to me to hive ſomethin? p<culiar in his eyes, 
confeſſed, and complained to me, that if he come, though but ont of a moderate light 
of the open air, into a room that is any thing dark, he does not only feel ſuch an 
alteration, as other men are wont to do on the like occaſion ; but is fo powerſully affected 
by it, that he thinks he ſees flaſhes of fire before his eyes, and feels a troubleſome dif. 
compoſure in thoſe parts, that ſomerimes laſts an hour or two together, if he ſo long 
continue there, | 

Eleuth. J Know not, Carneades, whether after this you will think it any great confir- 
mation of. your opinion, that Ariſtetle has ſomewhere this lay.ng, that, Oculus cogn.9/cif 
lucem & tenebras. 

Carn. I THAN E- you, Eleutherius, for fo pertinent an allegation, though not for my 
own fake, yet for theirs that will more eaſily reccive a truth upon the teſtimony of Ari- 
fiotle, than that cf nature. And now, I hope, that Themiſtius will conſent, that, diſ- 
miſſing the argument hitherto examined, we proceed to the next. 


+5 C1 0.-N-.:-; 


Them. Since you will have it ſo, I ſhall comply at preſent, and the rather, becauſe, 
not only I foreſee there will he occaſion to ſpeak of it again, but becauſe you experi- 
mental pmloſophers that are wont ſo much to cry up the informations you think you 
recclye from ſenſe, ſometimes, in ſpitz of contrary diQates of rraſon, will, I hope, be 
prevailed with by the argument I am about to propoſe, which is ſo maniſeſtiy grounded 
upon ſenſe, that without denying that we do feel what we feel, we eannot deny cold to 
de a poſitive quality, For thus Ga “,. molt convincingly argues; Cùm per hyemem 
eittimus manum in labentis flumnis aquam, quod frigus in ea ſentitur, nen poteſt dici 
mera privalis, alindgue prorſeis eſſe apparet ſentiri aqum frigidam, & ſentiri non calidam. 
Ei 7 anden aguam gelari, ſeutietur haud dub jrigidior : an dices hoc elſe nil aliud 
r mini. caiidim ſentiri? Alqui calida jan antea ncn erat: guoinido crgo potuit minus 
calida Fei? | : 

Carn. T wits, not lay, Themiſtius, his argument is not ſpecious, but you, perhape, or 
at leaſt Eleutberius, will not afirm it to be more than \ pecious, if you pleaſe to conũder, 
13 me, two or three things that I have to ſuggeſt about it. 
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Anv firſt, to ſhew Themiſtius, that, whatever he was juſt now intimating, experimen 
philoſophers do not prefer the immediate impreſſions made on the ſenſes to the did c 
reaſon, though they think the teſtimony of the ſenſes, however ſometimes fallaciou 
much more informing than the dictates of Ariſtotle, which are oftentimes, and t 

groundleſly, repugnant to them; I will repreſent to you, that the organs of ſenſe, con. 
ſidered preciſely as ſuch, do only receive impreſſions from outward objects, but not | 
ceive what is the cauſe and manner of theſe impreſſions, the perception, Properly 0 
called, of cauſes belonging to a ſuperior faculty, whoſe property it is to judge, whence 


the alterations made in the ſenſories do proceed, as may eaſily be proved, if I had time 


and need to do ſo, by many inſtances, wherein the ſenſes do, to ſpeak in the uſuy 


phraſe, miſ-inform, and, as far as in them lies, delude us, and therefore muſt be rech. 
fied by reaſon. As when the eye repreſents a ſtraight ſtick, that has part of it under 
water, as if it were crooked; and two fingers, laid croſs over one another, repreſent vs a 
ſingle bullet, or a button, rolled between them, as if there were a couple; ſo that it i 


very poſſi!le (for I forbear ſaying it is true, having not yet proved it) that though the 


ſeniory be very manifeſtly, and vehemently, affected upon the contact of cold water, or 
other cold bodies, yet the cauſe of that impreſſion, or affection, is, and may be judged 
and determined by reaſon to be, other than that which the ſenſe may to an inconſidere 
perſon ſuggeſt. As when a child, or one that never heard of the thing beſore, firſt ſces 
a ſtick, whereof one part is in the air, and the other under water, he will preſenth⸗, 
but crroneouſiy, conclude that phenomenon to be cauſed by the ſticks being crooked 
or broken. | - 

NexT we may conſider, that ſenſations may, in divers caſes be made, as well f:om 
alterations that may happen in the internal parts of the body, as from thoſe that are 
manifeſtly produced in the external organ by external objects and agents; as may ap- 
pear by hunger, thirſt, the titillation of ſome parts of the body, barely upon venereal 
thoughts, and (which belongs directly to our preſent argument) the great coldneis that 
we have known hyſterical women complain of in their heads and backs, and. the great 
and troubleſume degree of cold, which we every day obſerve, upon the firſt invaſion of 
the fits of agues, eſpecially quartans; which troubleſome ſymptoms, that ſometimes lat 
for ſeveral hours, are therefore commonly called the cold fits. | 

Ann now it would be ſeaſonable for me to call upon you to remember (and add to 
what I have now ſaid) that, which, at the beginning of our conference, I took notice to 
you of, about ſenſation in general; if I did not preſume that thoſe things are yet ir:lh 
enough in your memory, to allow me to proceed directly to anſwer the objection, which 
I ſhall do, though not like a ſchool-man, yet like a naturaliſt, by giving an account of 
the propoſed phenomenon, without having recourle to that hypotheſis, which it is urged 
to evince. 

I 0sszRve, then, that though in the reſpective ſenſe above-mentioned, water, wherein 
the objection ſuppoſes the hand to be plunged, be cold, in regard its parts are leſs agitr 
ted, than the ſpirits and blood harboured in the hand; yet, in a philoſophical ſenſe, - 
is not quite deſtitute of heat, ſince it is yet water, not ice, and would not be a liqu0T, 
but by reaſon of that various agitation of its minute parts, wherein fluidity, a quail 
eſſential to liquors, conſiſts. Upon the ſcore of this reſpective coldneſs of the vat 
the hand is refrigerated ; for the ſpirits and juices of that organ meeting in the water, 
with particles much leſs agitated than they are, communicate to them ſome part of ther 
own agitation, and thereby loſe it themſelves, upon which decrement of wonted a8 


tion ſuch a change is made in the ſenſory, and, though not ſo manifeſtly in ſome 
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darts of the body, as is perceived by the animadverſive faculty under the notion of 
coldneſs; ſenſation (whatever obſcure definitions are wont to be given of it) being indeed 
an internal perception of the changes that happen in the ſenſories. f : 
Anv if now, as the objection ſuppoſes, the water wherein the hand is p'unged comes 
tobe more re{rigerated than before, the ſpirits, blood, and other parts of the b. nd, find- 
ing the aqueous corpuſcles more ſlowly moved than formerly, muſt, according to the 
Jaws of motion (according to which, a body, that meets another much more ſlowly moved 
than itſelf, communicates to it more of its motion, than if it were leſs Nowly moved) 
transfer to them a greater meaſure of their own motion, and con'equently themſelves 
come to be deprived of it; and upon this increaſe of the ſlowneſs of motion in the parts 
of the hand there follows a new and proportionable perception of the m.nd, and ſo a 
more vehement-ſenſation of cold. But though it be not to be admired, that the bare 
ſlowneſs of motion in the object ſhould be diſcernible by ſenſe, albeit it ſeems to partt- 
cipate of reſt, which, with you, paſſes for a privation, ſince the ear perceives, when a 
voice grows faint, and when a ſharp ſound degenerates into a flat one; and we can per- 
ceive by the hand (abſtracting from heat and cold) the celerity or flowneſs of bodies, 
that in their paſſage ſtrike upon it, as for inſtance, of winds, or ſtreams; yet this is not 
the only thing I think fit to be taken notice of on this occaſion. For I conſider farther, 
that beſides the moſt conſiſtent and ſtable parts of the hand, there are, from the heart 
and the brain, freſh blood and ſpirits continually tranſmitted to the hand; and the for- 
mer of theſe, the blood, is, according to the laws of its circulation, and after it has 
received a great change in the much refrigerated hand, carri-d back through other parts 
to the heart; whence it is, in the ſame circulation, diſtributed to the whole body. To 
which may be added, that when the great refrigeration of the hand happens, external 
agents may contribute to the effects of it, as I ſhall by and by have occaſion to ſhew. 
Ir then you pleaſe to remember, that upon the turning one's eye to the dark part of 
a room leſs enlighted than the window, though darknels be but a privation, and though 
the obſcurity of that part be not abſolute, but conſiſt only in a leſs degree of light; yet 
the action of the ſpirits, and other parts of the body, is ſo changed, upon occaſion of 


the light's acting more faintly than was uſual upon the organ, that the pupil is imme 


diately and manifeſtly dilated, and in ſome caſes, as in that which I mentioned to you of 
a le rned man, much conſiderabler effects enſue ; you will not wonder, that, where not 
only the ſpirits, but the blood {whence.thoſe ſpirits are generated) that circulates through 
the whole body, and upon whoſe diſpoſition all the other parts ſo much depend, 1s very 
much diſaffected, there ſhould be felt a great alteration in the hand, which is the moſt 
immediately expoſed to the action of the cold water. And for the reaſons newly given, 
it ought to be as little ſtrange, that in other parts of the body, the diſordered, and not 
circul:ting blood, ſhould have its wonted action on them conſiderably altered; fince the 
mote ſtable parts, and eſpecially thoſe external ones, that are moſt expoſed to the colJ, 
have their pores ſtraightened, and conſequently their texture ſomewhat alte:ed.z on the 


lame occaſion on which the wonted agitation of the ſpirits, with the particles that com- 


pole the blood, is notably leſſened. And that ſuch cauſes may produce great effects in 
a human body, you will be more prone to admit, if you conſider the diſorders that 
happen in the cold fit of an ague, and oftentimes, upon the ſhutting up of thoſe excre- 
mentitious {teams that are wont to be diſcharged by inſenſible tranſpiration; to whoſe 
being ſtopped in the body, by the conſtriftion of the pores, winch chiefly happens 
through cold, ſome learned phyſicians, eſpecially the famous Sennertu, impute the cauſe 


of molt feyers, as indeed experience itſelt does but too frequently ſhew it to be guilty of 
many, 
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Plil. 1 coxress, Carneades, you have ſaid ſome things, that I thought not on be 
but yer GC“ s argument ſeems to be ſuch, that I fear it will be hard to hinder man 
from ſaying, that if cold be but a privation of heat, it is a privation of a ſtrange nature, 
for it may be introduced into bodies that were not hot before, nay, in ſome caſes into 
ſuch as are naturally cold, and alſo by conſequence muſt have been Put into a preternaty 
ral ſtate to be at any time hot. 

Corn Tris obj:*Ation, Plileponus, being in effect ſo much the ſame with that of 
Goſſendus, that it differs from it but in the dreſs you give it, it will ſcarce require 3 
peculiar and diſtinct anſwer; and therefore, as ſoon as I have reminded you of the di. 
tinction that we have formerly mace of the vulgar and philoſophical ſenſe of the word 
cold, I ſhall need to alter but a little what J ſaid before, by telling you, that ſince fAuidi 
conſiſts in the various agitation of the inſenſible corpulcles of a liquor, and that heat con. 
ſiſts in a tumultuary, but a more vehement agitation of the inſenſible parts of a bady 
and fo, that hot water ſcarce differs otherwiſe than gradually from that, which is cold * 
ſenſe; if cold be taken in the larger and philoſophical ſenſe, it may well be ſaid, that x; 
long as water retains the form of water, and ſo continues to be a fluid body, though it 
may be very cold to the touch, yet it is not abſolutely or perfectly cold, and therefore 
is capable of a farther degree of coldneſs, which it receives when brought to congelation; 
for till then it was not deſtitute of thoſe agile corpuſcles that were requiſite to keep it 
fluid; and till then, Gaſſendus himſelf mult acknowledge that it was not abſolutely or 
perfectly cold; becauſe he, as you may remember, did in his former (but lately-men- 
tioned) argument aſcribe the glaciation of water to the invaſion of thoſe that he calls cor- 
puſcles of cold. 

Eleutb. Give me leave to add, Carntades, that it is not every glaciation itſelf that 
brings liquors to be perfectly cold in the philoſophical ſenſe of that expreſſion, and quite 
expels cr ſubdues all the agile particles that were in the water before it was turned into 
ice. For I thick, that to effect this change, it is ſufficient that ſo many of theſe reſtleſs 
particles be deſtroyed or diſabled, that there remains not enough of them to keep the 
water in a ſtate of fluidity, ſo that the furpluſage may yet continue in the frozen liquor, 
and whilſt they are there, perform ſeveral things, as the making it evaporable in the 
air, and even odorous, and by their receis or deſtruction the ice may grow yet more 
cold, And as this notion ſuits very well with the differing degrees of hardneſs, that we 
find in differing portions of ice, ſometimes upon the account of the matter (as frozen 
water is harder than frozen oil) and ſometimes upon that of the different degrees of cold 
in the ſame water, or other matter (as our friend ſomewhere obſer ves) ſo it may be highly 
confirmed by an experiment I ſaw him make, but that is nct yet publiſhed. 

Tur ſum of the experiment was this; that he firft put an hermetically ſealed thermo- 
ſcope into a glaſs, broader at the top than at the bottom, and greaſed the inſide wi 
tallow, that ice might not ſtrongly ſtick to it. In this glaſs was put water, more than 
enough to cover the ball of the inſtrument 3 and that water being warily frozen, notice 
was taken, whereabouts the tincted ſpirit of wine reſted in the ſtem ; after which, tie 
inſtrument and the ice being removed into the open air, upon an exceeding froſty morn- 
in g, the ice was tab en off from the ball, and preſently after, the tinctzd liquor, as the 
maker of the tri expected, ſubſided a pretty way (the length of the inſtrument conſi- 
dered) below the former mark ; which argued that he rightly gueſſed that ſuch a cegree 
of cold as is ſufficient to turn water into ice, may not produce a body perfectly cold; 
this ice itſelf keeping the incloſed ball, in a ſenſe, warm, by fencing off the air, which, 
at that time (cven in our temperate clime) by the effect, appeared to be colder than the 
very ice, And, methinks, it may ſtrengthen Carneades's diſcourſe, to repreſent, that 
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there is no ſufficient cauſe, why many things that are reckoned among privations or ne- 

ations, by the Peripateticks themſelves, as well as cold 1s by Carneades, may not ad- 
mit of degrees; as may be exemplified by deafneſs, ignorance, and divers other things. 
And to bring a caſe, not very unlike that under conſideration, we may take notice of 
a total ecliple of the moon, which you know always happens when ſhe is at the full. 
For darkneſs in the air being acknowledged to be a privation or negation of light, when 
the earth, interpoſed between the moon and the ſun, has eclipied her, for inſtance, nine 
digits (as aſtronomers ſpeak) men generally complain of darkneſs in the air, though there 
remain a conſiderable part of the diſcus, or the hemiſphere of the moon, obverted to us, 
yet enlightened by the ſun; but when the interpoſed earth proceeds to cover the remain- 
ing three digits, and ſo makes the eclipſe total, the darkneſs alſo is ſaid and eſteemed to 
be much encreaſed-z nor would men otherwiſe be perſuaded, though Theimniſtius ſhould 
tell them that the air cannot have grown darker, though it were dark before; and indeed 
though the air was more and more darkened in proportion to the increate of the eclipſe, 
yet it was never completely darkened till it became total. But I fear I dwell too long 
vpon one argument. 


il N . 


Eleuth, Lx me therefore, Carneades, ſum up what I take to be your doctrine, and 
tell theſe gentlemen, that I think you do not look upon the ſenſation of cold as a thing 
effected by an entire privation, properly ſo called, and conſidered as ſuch; but that, 
according to you, that ſlowneſs of motion in the particles of cold water, which the hand 
finds when it is thruſt into that liquor, does occaſion the ſpirits, and the corpulcles of the 
blood, to part with to thoſe of the water a conſiderable ſhare of their own ſurpluſage of 
agitation, whereby they loſe it themſelves; upon which is conſequent a perception of this 


change made in the hand, which, if it be very great, is alſo frequently ai: companied 


with lome ſenſible change in other parts of the body, occaſioned chiefly by the frequent 
returns of the circulating and highly refrigerated blood to the heart, whence it is difper- 
ſed to the whole body. According to which doctrine, the ſenſation of co d is but a per- 


ception of the leſſened agitation of the parts of the hand, either ſtable or fluid, efpecially 


of the blood; which alterations are in great part produced, not by the coldneſs of the 
water, as cold is a privation, but from the new modification of the action of the bluol 
and ſpirits upon the nervous and membranous parts, the conſtriction of whoſe pores con- 
curs to that modification. And if 1 do not mifunderſtand your opinion, Carneades, 
methinks it may be confirmed by this, which I have known obſerved by experienced 
ſurgeons, that by too ſtrict ligatures unſkilfully made, an arm, for inſtance, may be gan- 
grenated 3 in which caſe, all the proper and immediate effect of the ligature is but the 
conſtriction of the part, though that conſtriction beirg unuſual and exceffive, it proves 
the occaſion of the mortitying of the hand and arm, by hindering the free and u'val acceſs 
of the blood and ſpirits to that limb; upon which, by the depraved action of the parts 


of the body one upon another, and the concurrence of external agents, there enſues a a 
mortification or gangrene of the part, which, if due remedtcs be not timely employed, 


is communicated to other parts, and kills the man. 
: Carn, WraTEves become of your inftance, Eleutherius, I thank you for your rea- 
mei to propoſe it in favour of my hypocheſis, which you will eaſily judge not to be 


much concerned in the cloſe of the excellent Galſendus his argument, for the poſitive. 


ure of cold. For though theſe words of his —— 


Then. 3 
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Them. You may fave yourſelf the trouble of naming of them now, ſince, what 
721 * ever 
they may ſeem to you, I profeſs I look upon them, as containing a diſtinct argument 
which I ſhall therefore propoſe in its due place hereafter ; but in the mean time a, 
before we leave the argument you would have us diſmiſs, give me leave to remind 
Carneades, of ſome part of your former diſcourſe, and to take thence a riſe to tel * 
that you who told us that we ought not to conſider the operations that qualities have 
upon our own ſenſories only, but alſo what they do to other bodies, will, l hope, allow 
me to demand, how a privation, or, if you will, how an imminution of motion can 
produce the hundredth part of thoſe effects, which we daily ſee produced by cold in the 
bodies that are about us. | 

Carn. I thought, Themiſtius, I had intimated to you already what might have prevented 
ycur queſtion ; but ſince I ſee it is otherwiſe, you ſhall not find me backward to explain 
myſelf a little more fully. I do not pretend, that either an abſolute privation of motion 
in a body, or a ſlowneſs of motion in the parts of it, is, as ſuch, the proper efficient cauſe 
of the effects, vulgarly but unduly aſcribed to cold alone; for, in my opinion, cold is 
rather the occaſion, that the true efficient cauſe of ſuch effects, which, I think, are 
properly to be aſcribed to thoſe phyſical agents, whoſe actions or operations happen to be 
otherwiſe modified, than elſe they would have been upon the occaſion of that imminution 
or ſlackneſs of agitation which they meet with in cold bodies, by occaſion of which they 
are both deprived themſelves of the agitation they communicate to ſuch flow bodies, and 
thereby act no longer, as, were it not for that loſs, they would, and by a natural conſe- 
quence of this change, which is made in themſelves, they do alſo, though leſs notably, 
modify the action of other bodies upon them: from which unuſual alterations happening 
in a world ſo framed as this of ours is, and governed by ſuch laws, reſpecting motion and 
reſt, as are obſerved among bodies, there muſt, in all probability, reſult many new, 
and ſome of them conſiderable phænomena. For though quieſcent bodies ſeem not to 
have any action, which among corporeal ſubſtances ſeems to be performed only by local 
motion; yet bodies quieſcent themſelves may concur to great effects, both by determin- 
ing the motions of other bodies, this or that way, or byrreceiving their motion totally, 

or in part, and fo depriving the formerly moving bodies of it. Thus the arches of a 
bridge, though immoveable themſelves, by guiding the water of the river that beats 
againſt them, may occaſion a rapid and boiſterous ſtream, capable to drive the greateſt 
mi!ls, and perform more conſiderable effects, though the river, before it met with them, 
ran calmly enough, as is evident at London bridge, eſpecially when the water is near a 
low ebb. And now I have mentioned water, I will add, that though water itſelf be not 
a quieſcent body, but, being a liquor, has its parts in perpetual motion among them: 
ſelves; yet ſince that agitation is exceeding ſlow, in compariſon of the ſwiftneſs of a can. 
non-bullet, in reſpe& whereof the calm ſurface of the water participates of the nature of 
a quieſcent body, bullets themſclves ſhot from out of guns elevated but little above tlc 
level of the water (upon which ſcore th:y make but a very ſharp angle with it); theſe bu 
lets, I ſay, do not unfrequently rebound from the ſurface of the water, and conſequentiy, 

even theſe ſo wonderfully ſwift bodics receive a new determination from it. 

Eleuth, Ox E may ad, Carneades, to your inſtances, that, in a tennis-court, the wall, 
2gairſt which balls are ſtrongly impelled by a racket, contributes much to the miſchick 
that thoſe balls do often to by-ltanders in the gallery, as the wall, though itſelf unmoved, 


gives a new determination to the moving ball, and by its refiſtance makes 1t rebound or 


reflect at an angle equal to that of the ball's incidence. And this concurrence of tie 
wall to ſuch effects is the more evident, becauſe of this other circumſtance, which allo 
befricnds your opinion, that, if the impelled ball, inſtead of hitting againſt the wall, bir 
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againſt the net, this, by yielding, deprives the ball of its impetus, and hinders the reflec- 
tion that would elſe enſue. : 

Carn. You have, I confeſs, ſomewhat prevented me, Eleutberius, but yet not alto- 
ether 3 for though I was going to propoſe the example of a ball, yet it was in ſome- 
what a differing way; for I was about to propoſe to Themiſtius the example of a ball, 
which, if it be forcibly and perpendicularly thrown againſt the hard ground, has its deter- 
mination ſo altered, that whereas it moved before towards the centre of the earth, it im- 
mediately, with almoſt the like ſwiftneſs of motion, tends directly upwards, And if 
on the other ſide you throw the ball, not againſt a hard, but againſt a muddy piece of 
ground, it will not rebound, loſing its own motion, by communicating it to the parts 
of the yielding mud; as may be in ſome meaſure illuſtrated by the great commotion 
made in a ſmall pond of water, when a ball (or a round ſtone) being but gently let fall 
upon the ſurface of it, has its motion thereby deadened, and transferred to the parts of the 
liquor, which, perhaps, will be viſibly agitated at the remoteſt brink of the pond. 

Eleutb. Tus E examples may conduce much to explicate your doEtrine, Carneades; 
but ſince Themiſtius himſelf was ſo equitable a while ago, as to allow you much time to 
defend ſuch a paradox as yours againſt Gaſſendus's argument, I ſhall, with your leave, 
of which I doubt not, to the examples already mentioned, add this one more. Suppole 
upon a ſtream that runs through ſome town, which is not very rare, there were built a 
number of differing mills, ſome for the grinding of corn, others for the fulling of cloth, 
others for the moving of bellows to melt ores and metals, others for torging of ſword- 
blades, others for making of paper, and others for other uſes; and ſuppoſe, that an 
enemy coming to beſiege this town ſhould ſucceſsfully imitate Cyrus*s ſtratagem, when 
by ſuddenly diverting the courſe of Euphrates he took Babylon; would it not be conſe- 
quent to this diverſion of the water into ſome lower place, and this ceaſing of the ſtream 
to run in its former channel, that the action of all theſe mills, by which ſo many differing 
operations were performed, muſt of neceſſity ceaſe too? though the beſiegers do not pro- 
duce this change by any poſitive and direct violence that they offer to the mills, but only 
by hindering them from receiving the wonted impulſes which were requiſite to Keep them 
In motion. 

Carn, I pIsLIKE not your inſtance, Eleutherius, which yet will not altogether render 
uſeleſs what I was going to ſay about a wind-mill, which will illuſtrate one part of my 
\ doctrine, for which your water-mill does not ſeem to have been intended. And, that 

this example may the better do fo, I will ſuppoſe a wind-mill to be built in ſome low 
place near the bank of your ſtream, which ſtream we will ſuppoſe to be liable, as ſome 
others are, upon the falling of great and ſudden rains upon the neighbouring hills, to 
overflow its banks, in caſe the increaſe of the water be not then hindered by the wind- 
mill's lifting up conſtantly ſome parts of ir, and conveying it away by pipes or other- 
wiſe; and then Jet us ſuppoſe, what really ſometimes happens, that the wind ſhould ſo 
ceaſe, that there ſhould not blow any wind ſtrong enough to move the fails for a great 
while together; will it not hence manifeſtly follow, that by reaſon of this abſence of the 
wind, which abſence has the nature of a privation or negation of a ſtream-like motion in 
the air, not only there will be a ceaſing of thoſe effects and operations, whatever they 
were, that were wont to be performed within the mill itſelf, but alſo there will be a du- 
rable intermiſſion of that main work of the mill, whereby it carried off ſuch a quantity 
of water; which work ceaſing with the wind, whilſt the flowing in of the water does not 
ceaſe too, but continues, as formerly, the ſtill-increaſing water muſt bear down or over- 
low its wonted banks, or other boundaries, and by its unruly effuſions drown the neigh- 
bouring parts, and produce the diſorders, that is, the new phenomena naturally conſe- 

Vol. III. 1 quent 


745 


_ 
by * = 
. ad 
CIR” — 
* —— — 


; Of the Poſitive or Privative Naturd of Cold. 


quent to an inundation made by ſuch a quantity of water. And if the water cony d 
away by means of the mill, through pipes or channels, were employed to water ground 
or other particular uſes, the growth or fertility, at leaſt of the vegetables, that >, 
was requiſite to nouriſh, or the other uſes, to which it was neceſſary, muſt conſequent; 
be much, if not totally, hindered. l 

Phil. I xxNow not, whether we may not refer to the ſubject of your diſcourſe, what 
may be obſerved in paralytick affections, where a little viſcous or narcotick humour 
obſtructing, or otherwiſe diſaffecting one part of a nerve, though its proper and imme. 
diate action be only to hinder, or weaken the ſpirits, that were wont, in competent 
plenty, to paſs freely along the nerve to the muſcles whereto it leads; yet the action cf 
the other parts of the body, and the relaxation of the fibres, do oftentimes produce 3 
tremulous motion in the limbs, and particularly the hands; and ſometimes alſo the 
mouth, neck and other parts, are drawn awry in an odd and frightful manner, 

Carn, Trovcn I approve of Philoponus's fancy, yet I think a more quick and notable 
inſtance to the ſame purpoſe may be taken, from what happens to birds, and rats, and 
cats, and ſuch kind of warm animals, in Mr. Boyle's engine. For as the air by the 
agitation of its parts, or that of ſome ethereal ſubſtance that pervades it, entertains the 
fluidity of water, and other aqueous liquors ; and when that agitation is hindered, or too 
much leſſened, water ceaſes to be fluid, and upon that divers violent effects enſue, wont 
to be aſcribed to glaciation : ſo the bodies of warmer animals, having been born in the 
air, and perpetually expoſed to the action of it (though that be ſeldom heeded) when 
being placed in the receiver of the air-pump, and by the operation of that inſtrument, 
which withdraws the former air, and keeps out the new, the air, that was wont continu- 
ally to act upon them, is kept from doing ſo any longer, though this abſence, or not 
touching of the air, be but a privative or negative thing, yet, by reaſon of the ſtrufture 
of the animal, his ſpirits and humours, aſſiſted by the concourſe of more general cauſes, 
are brought to act ſo differingly from what they were wont to do, that the blood and 


Juices ſwell, the ſtomach vomits, the animal grows faint and ſtaggers, the limbs, and at 


length the whole body are convulſed, the circulation is ſtopped, and at laſt the animal 
killed ; and all this done in a very few minutes of an hour, without the viſible inter- 
vention of any poſitive agent. 

Eleuth. War you ſay, Carneades, concerning the quick and violent death of warm 
animals in Mr. Boyle's engine, puts me in mind of an experiment I ſaw made in that in- 
ſtrument upon cold animals, which, methinks, may well illuſtrate the compariſon we 
lately employed of a wind-mill. For as thoſe great artificial engines loſe their motion, 
and the operations depending on it, if that ſtream of air, we call the wind, be held from 
keeping them going; ſo inſets, and ſome other cold animals, have their differing mo- 
tions ſo dependent upon the contact of the air, that, as ſoon as ever they are deprived of 
it (by the engine we are ſpeaking of) divers ſorts of them will lie moveleſs, as if they 
were dead; and I have known ſeveral of them, that were put in together, continue i 
that ſtate for many hours, as long as ic pleaſed our friend to with hold the air; but 
when once he thought fit to let a ſtream of air enter the receiver, theſe ſeemingly dead 
animals, as worms, bees, flies, & c. like ſo many little wind-mills of nature's (or rather 
her great author's) making, were ſet a moving in various manners (as creeping, flying, 
&c.) ſuitable to their differing ſpecies. 

Carn. So that, to ſum up, in a few words, the reſult of theſe inſtances, and the reſt 
of the paſt diſcourſe on the ſame ſubje&, it appears by what has been aid, that tie 
effects undeſervedly aſcribed to cold need not, in our hypotheſis, be referred to à pf: 


vation, but to thoſe poſitive agents, or active cauſes, which, by their own 2 
| determi 


4:termined to act otherwiſe, or ſuffer otherwiſe from one another, in caſes, where there | 
is a great hinderance, or cealing of wonted agitation, than where there is not, F 
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Them. Ir may, perhaps, now be time to put Carneades in mind, that, in what he f | 
has been diſcourſing all this while, he has propoſed anſwers but to a couple of Gaſſendus's 4 
arguments, and left the reſt untouched. 6 
Carn, I ſhould readily grant, Themiſtius, that J have dwelt too long upon ſo few argu- 
ments, if I did not hope, that by fully anſwering them, and givirg the company a par- 
ticular account of my notions concerning cold, I might very much ſhorten and facilitate 
the remaining part of my taſk, which engages me to return anſwers to the other argu- 
ments you ſpeak of, the grounds of ſolving which, I think, I have already laid in the 
paſt diſcourſe. And therefore you may go on to propoſe the next argument of Gaſſen- 
dus, as ſoon as you pleaſe. 
Them. And I thall do it, Carntades, in that learned man's own words, which I 
well remember to be theſe: Fac manum immitti in aquam nunc calidam, nunc frigidam; Gaſſend. 
quamobrem manus intra iſlam, non intra illam refrigeratur? An quia ca or mans intra — : I. | 
frigidam retrabitur, maniiſque proinde relinquitur calida minus? At, quidnam calor refugit, EPS: 5 = 
quod intra frigidam reperiatur ? nonne frigus ? at ſi frigus eſt tanlum privatio, quidnam 
calor ab illa metuit ? privatio ſane nihil eſt, atque adeò nibil agere, unde ejus motus incu- 
tiatur, poteſt. ; 
Carn. Tris objection, Themiſiius, may indeed puzzle many ſchool-philoſophers, but | 
will eaſily admit an anſwer in my hypotheſis. For that does not oblige, or ſo much as 
tempt me to aſcribe (as a Peripatetick would do) to a mere quality (for ſuch 1s heat) 
both a knowledge of its danger, and a care, and ſkill, to preſerve itſelf from its enemy, 
the cold, by a retreat inwards. For, agreeably to what I lately delivered, it 1s obvi- | 
ous for me to explicate the phænomenon thus: when a man puts his hand into warm | 
water, the agiration of the corpuſcles of that liquor ſurpaſſing that of the ſpirits, blood, | | 
f 
| 
i 
| 
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and other parts of his hand, cannot but excite in him a ſenſe of heat; but when he puts 
the ſame hand into cold water, the caſe ought to be much altered, not by any imaginary 
retreat of the ſpirits, but the communication of motion, by other parts, to the ſurround- 
ing water, by which means, there muſt be in the hand a great leſſening of the former 
agitation of its parts, the perception or ſenſe of which decrement of motion is that 
which we call the feeling of cold. | 
Eleuth. I THINK, indeed, Carneades, that though this argument may be conſiderable 
againſt thoſe, that the learned framer of it might have in his eye, it is but invalid againſt 
you, But can you as well decline the force of that other objection, which Gaſſendus more 
inſiſts on, and which ſeems as directly to oppoſe you, as any other advcrſaries of his 
hypotheſis ? 3 
Them, I pRESUME, Eleutberius, you mean that cogent argument, which Gæſſendus pro- 

poſes, and proſecutes more fully than the reſt, deducing it from the way ot artificially 

freezing water by a mixture of ſnow and ſalt, placed about the outſide of the glats, [ | 
that contains the liquor. For, from this practice, he rationally concludes, that ſince | 
this frigorifick mixture is, through the glaſs, able to freeze the water into ice, it may 
as juſtly be affirmed to act by corpuſcles of cold, as fire can be to act by calorifick cor- {| | 
| puſcles, when kindled coals, placed on the outſide of the glaſs, make the contained water | 
boil. And this cogent argument will, I hope, prove the more ſatisfactory to Carneades, \1 
5 B 2 ſince 
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ſince it is not drawn from what he would call a diſputable peripatetick notion, but fro 
the ſame quiver, whence he affects to take his ſhafts, experience itſelf. n 
Carn. I FREELY acknowledge, gentlemen, this argument to be very plauſible; but the 
it is clear and cogent, I muſt not grant, till I be better ſatisfied that it is ſo, : 
AxD I fhall ſcarce think it as evident, that ice, and falt, act by a poſitive quality, 2 
that burning coals do ſo, though cold ſeems as well to be produced by the former. * 
heat by the latter. For innumerable experiments ſhew, that heat, in the fire eſpecial 
is a poſitive quality, conſiſting in a tumultuary and vehement agitation of the mim: 
parts of the body, that is ſaid to be hot, and producing alſo in the bodies, that it ix 
communicated to, a local motion, which is manifeſtly a poſitive thing. This is ſo evi 
dent, in the heating of bodies by mere attrition, the ſmoking and melting of divers bo. 
dies in the ſun-beams (eſpecially at fit times of the day, and year) the ſudden boilirg and 
diſfipation of water, oil, &c. dropped on a red-hot iron, and many other obvious in. 
ſtances, that it were a needleſs work to go about to prove it, eſpecially, ſince both he. 
miſtius*s Peripateticks, and Gaſſendus himſelf, who ſo often diſagree about other things, 
agree in confeſſing, that heat is a poſitive quality, 
Them. Bur remember, Carneades, that the grounds on which they do fo, are the 
ſame on which Gaſſendus juſtly builds the propoſition, that cold allo is a poſitive quality, 
Carn. I pip not forget that, Themiſtius ; for I was about to ſubjoin to what J laſt 
ſaid, that it is evident, not only by the confeſſion of my adverſaries, but by that (which 
to me is much more conſiderable) of nature herſelf, proclaiming it in the inſtances I juſ 
now mentioned, that heat is a poſitive quality; whereas, that cold likewiſe is ſo, docs 
not appear to me by the experiment of artificial congelations. For in this, all that 
clear in matter of fact, is, that ſnow, or beaten ice, and ſalt, are put about a veſſel full 
of water, or other aqueous liquor, and that, within a while after, this water begins to 
be turned into ice ; but that this glaciation is performed by fwarms of atoms of cold, 
that permeating the glaſs, invade and harden the liquor, is not perceived by ſenſe but 
concluded by a ratiocination, the cogency of which I am allowed to examine, without 
affronting the certainty of ſenſe, that not being concerned in the cafe. If then an intel 
ligible way can be propoſed of fairly explicating the phznomenon, beſides that inſiſted 
on by Gaſſendus, the objection drawn from this experiment againſt my hypotheſis vil 
be invalid. And ſuch an explication monſieur Des Cartes ingenioully gives in his me- 
teors : Quia materia ſubtilis (ſays he) partibus bujus aque circumfuſa craſſior aut minus ſub- 
tilis, & conſequenter plus virium habens, quam illa que circa nivis partes herebat, locun 
illius occupat, dum partes nivis liqueſcenda partibus ſalis circumvolvuntur. Facilius enin 
per ſalſ.e aque quam per dulcis poros movetur, & perpetuò ex corpore uno in aliud tranfirt 
nititur, ut ad ea loca perveniat, in quibus motui ſuo minus refiſtitur : quo ipſo materia ſub- 
tilior ex nive in aquam penetrat, ut egredienti ſucceaat, & quum non ſatis valida fit ad 
continuandam agitationem hujus aque, illam concreſcere ſinit. | an ; 
Phil. I Leave Themiſtius to conſider, whether this explication be without exception; 
but I confeſs it is not without analogy, and that even amongſt the four firſt qualites 
themſelves. For when we chymiſts have a mind to dry (for inſtance) the calces, or pre- 
cipitates, or other powders, from which we have filtrated the liquors we employ 0 
waſh or dulcify them, it is uſual cither to put the filtres wherein theſe powders tema 


almoſt in the form of mud, or to ſpread the ſtuff itſelf upon brown paper, or pieces 


of brick, or chalk, which much haſten the exſiccation of the things laid upon them, not 
by any drying particles which they emit into the ſoft ſubſtances, but by imbibing the 
ſuperfluous parts of the liquor, and thereby freeing from them the ſubſtances to be cried, 


And J remember I have ſeen our friend Mr. Boyle, by immerſing a piece phe 
cr 


c 
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eramb of bread into an actually cold liquor, that would haſtily imbibe its aqueous cor- 
aſcles, and dry it in a minute, or two, of an hour, ſo as to make it feel hard. 

Eleuth. TuksE inſtances bring into my mind another chymical experiment, that I 
have ſeen made by the ſame gentleman, which was, thet by putting into weak {pirit 
of wine a ſufficient quantity of ſalt of tartar, he quickly dephlegmed the ſpirit without 
diſtillation, or ſo much as heat. And this will the better illuſtrate the Carigſian 
explication, becauſe it is manifeſt, by the change that will be made of the moſt 
art of ſalt of tartar into a liquor, that will not mix with the now dephlegmed ſpirit 
of wine, that the reaſon of the operation is, that the aqueous particles of the phlegma- 
tick ſpirit, finding, it ſeems, more convenience, or facility, to continue their motion 
among the fixed corpuſcles of the ſalt, than the vinous ones of the ſpirit, paſs into 
the alkaly, and diſſolve it; and thereby deſert the liquor, through which they were 
diffuſed before. And I know another ſaline body, that fo unites with water, as not to 
be, by the eye, diſtinguiſhable from it, and yet is of ſuch a texture, that water is fo 
much leſs diſpoſed to mingle with it, than with ſpirit of wine itſelf, that it will forſake 
the body it kept in agitation, to pals into this ſpirit z and ſo leave that which it kept in 
the form of a liquor before, to appear in the form of a conſiſtent body; which inſtance 
comes ſome what nearer, than the former, to the experiment of glaciation. 

Carn. Touch what you have recited, gentlemen, be not unwelcome to me, yet, I 
think, I can propoſe you an experiment fitter to dilucida:e the Carteſian explication. For, 
I remember, that our common friend, having a mind to ſhew that a ſmall proportion 
of agile matter, inviſibly diffuſe} through a body, that would be otherwiſe conſiſtent, 
may bring it to, and keep it in the ſtate of fluidity ; deviſed and ſhewed me the following 
experiment. He took camphire broken into {mall bits, and caſting a convenient quantity 
of it upon aqua fortis, ſuffered it to float there, till, without heat, the camphire 
was diſſolved into a liquor, and it looked and felt like an oil, which, though ſhaken with 


the aqua fortis, would emerge to the top again. If this oil were kept well ſtopped, 


that the ſpirits of the menſtruum might not evaporate, it would (as he affirmed trial had 
taught him) continue long fluid, he having ſometimes kept it a year, or two, or more. 


And that it is the agile ſpirits of the aqua fortis, that keep the camphire fluid, he has 


mace probable by divers things, that I muſt not now ſtay to recite, And that the 
quantity of theſe agile particles is but ſmall, I am induced to think by this, among other 
things, that when I have made a ſmall parcel of but moderate aqua fortis turn a pretty 
proportion of camphire into oil, and ſeparated that oil from it, I could, by caſting freſh 
camphire on the ſame menſtruum, reduce that allo into the form of oil. Now, that 
theſe fluidifick ſpirits (if I may ſo call them) are not ſenſibly warm (no more than the 


Carteſian materia cœleſtis) in water, is manifeſt to the touch: and whereas I at firſt ſuſ- 


pected, that the reaſon why the pouring of this oil into water doth preſently reduce it 
into camphire again, might be the coldneſs of the water; I after thought, upon a far- 
ther in formation, that the reaſon rather was, that the nitrous ſpirits being diſpoſed to 


pals out of the oil into the water, this liquor readily imbibed and diluted them, and 


conſequently, diſabled ſo many of them, that thoſe that remained, could not do their 
former work any longer: ſince he had tried purpoſely, that the reduction of the oil 
into camphire would preſently be made, though that liquor were not poured into cold 


water, but hot: ſo that the agitation that it received trom the particles of the men- 


ſtruum, though not to our touch ſenſibly warm, was much more cthcacious, than that 
which it received from the heat of the water. | 


Elewth. | Know not, whether befides the inſtances that have been now propoſed, one 
may not alledge ſuch an argument allo in favour of the Carteſian opinion about cold, 


as 
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as would not be inſignificant, though it ſhould be made appear, that cold may ſome. 


times be produced by, or upon the emiſſion of corpuſcles, that in ſome ſenſe ma be 
called frigoriick, For there may be corpuſcles of ſuch a nature, as to ſize, ſhape for 
other attributes, as to be fit to enter the pores, and pierce even into the inward Parts of 
water, and ſome other bodies, ſo as to expel the calorifick corpuſcles they chance t 
meet with, or to clog, or hinder their activity, or on ſome other account, conſiderab 
to leſſen that agitation of the minute parts, by which the fluidity of liquors, and "a 
warmth of other bodies, are maintained. But even in ſuch caſes, though the agent, ang 
the actions that produce coldneſs, be poſitive things; yet the nature of coldneſs Itſelf 
may conſiſt in a privation. As when a man is killed by a bullet, his death is effected 
by a poſitive, and even impetuous action, and yet death itſelf is but a privation of life 
It alſ>, in a dark room, a man caſt cold water vpon a burning coal, though the Water 
act by its poſitive quality of moiſture, and, by virtue of that, extinguiſh the fire, and 
by that means, deſtroy the light, yet the darknels, that is conſequent upon this action, 
is not a poſitive thing, but a privation. | | 


SS CT 1-0 . 


Phil. Tux pauſe you here made, gentlemen, makes me think it ſeaſonable to put the 
company in mind, that it begins to grow late, and therefore to call upon Themiſtius to 
produce what he has yet to alledge out of Gaſſendus. 

Them. Tux philoſopher you have named, has indeed another weapon to deftroy the 
error about cold, which he confutes. And this argument, like a two-edged ſword, 
that cuts on both ſides, does not only confirm what he maintains, but deſtroy the chief 
objection that can be made by his adverſaries, The argument I ſpeak of, he propoſes 
in theſe terms: Tamelſi multa videantur ex ſola caloris abſentia frigeſcere, nibilominus niſi 
frigus extrinſecus introducatur, non tam profectò frigeſcere quam decaleſcere ſunt cenſenda. 
Eſto enim lapis, lignum, aut aliquid aliud, quod nec calidum, nec frigidum fit, id ubi fuerit 
admotum igni calefiet ſan? , at cum deinceps calor excedet, neque frigidum ullum circum- 
ſtabit, non erit cur dicas ipſum frigeſieri potius quam minus calidum fieri, redireve in ſuun 
ſtatum, 

Carn. WHETHER this contain not a diſpute de modo loquendi, I ſhall leave the com- 
pany to judge, by what I ſhall return in anſwer to it. I lay then, that it ſeems to me, 
that there is in the diſcourſe an obſcurity, if not an ambiguity, though, I am confident, 
not affected by the candid Gaſſendus, But to anſwer as directly as I can ; if we ſpeak 
only of a coldneſs, as to ſenſe, I ſee not, why water, or wood, or any ſuch body, that 
is heated by the fire, may not, upon its removal thence, be ſaid to grow cold, and not 
barely to decaleſcere, in our philoſopher's ſenſe of that word. For the heat and coldnels 


of water, in reference to ſenſe, conſiſting, as 1 lately ſhewed in this, that the particks 


of it are more or leſs agitated, than the hand that is immerſed in it, they need nothing 
elſe to make the liquor grow cold, than ſuch an imminution of the briſk motion of its 
corpuſcles, that they ceaſe to be as much agitated, as thoſe of our organs of feeling : 
and if this already impaired agitation be ſtill more and more leſſened, the liquor will ſtill 
grow colder and colder, without the help of any p»ſitive cauſe, until at length the agil 
parts, that kept it fluid, being quite expelled, or diſabled, the form of the liquor comes 

to be exchanged for that of ice. | | 
Phil. Bur what ſay you to that part of Gaſſendus's argument, where he propoſes an 
adiaphorous body, which, when affected with an adventitious heat, would not 1 
| col 
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cold by the bare removal, or ceſſation of that heat, unleſs it were refrigerated by an 
agent, that were poſitively and actively cold ? 

: Eleutb. 1 $av, Philoponus, this ſuppoſition ſhould not be made, and that I know of 
no ſuch adiaphorous body. For ſince, as I have been obliged to inculcate, thoſe bodies 
muſt be cold, as to ſenſe, whoſe parts are leſs agitated than thoſe. of our hands, and 


conſequently metals, ſtone, wood, and other ſolid bodies, and alſo water, wine, and all 


other unmingled liquors we know, being heated by the fire, will grow cold again of them- 


clves, becauſe the adventitious motion ceaſing by degrees, either upon the receſs of the 


igneous corpuſcles, or the imparting of the extraneous agitation to the air, or other con- 
tiguous bodies, the ſtone, or water, &c. will again have ſo much fainter an agitation, 


than that of a man's ſenſory, as to be by him judged cold : and becauſe almolt all the 


ſpecies of permanent bodies here below, that are known, have, in what is called their 
natural ſtate, a leſs degree of agitation in their inſenſible parts, than men's organs of 


f-cling are wont to have, thoſe bodies may be ſaid to be naturally cold, and therefore 
ought not to be ſuppoſed to be indifferent to cold or heat. 


Phil. Bur whether or no nature do really afford us an adiaphorous body; yet ſurely 
the mind is able to conceive one, and therefore Gaſſendus may be allowed to ſuppoſe 
ſuch bodies, and Carneades may be obliged to anſwer what he argues upon that ſuppo- . 


ſition, | 
Carn. IT is one thing to propoſe an adiaphorous body, as barely an intelligible, or 


a poſſible thing; and another, to give inſtances of it, as Gaſſendus has done in particular 


bodies, in which that indifference is not to be found. And it is this laſt kind of ſuppo- 
fition, that I diſallowed in Gaſſendus's argument. But if a body ſhould be propoted, 
as adiaphorous in reference to heat or cold, I might ſay, without prejudice to my cauſe, 
that if ſuch a body ſhould be carried into a hot place, it might there grow warm; and 
if it ſhould be removed back again, and kept, till it loſt that new adventitious heat, it 
might rather decaleſcere, than grow cold as ro ſenſe, But the reaſon is, becauſe it is not 


every degree of imminution of heat, that is able to denominate a body cold, but uch a 
degree as reduces the parts of it to a fainter motion, than is at that time in thoſe of our 
organs of feeling; and till this be done, or at leaſt very near done, the propoſed body is 


ſtill (if I may ſo ſpeak) in the ſtate of heat, as to fenſe : which laſt words I add, becauſe, 


that in reference to other bodies, it may then be notably refrigerated. As lead, that has 


but heat enough to keep it in fuſion, may, by the pouring on of ſuch water, as to a 
man's hand would feel hot, be brought to grow hard, which loſs of fluidity is alſo the 
natural effect of cold, though perhaps, both the metal, and the liquor, be yet as to ſenſe 
conſiderably hot. | 


Eleuth, So that, according to you, none of the kinds of bodies, that are actually 


known in nature, are adiaphorous as to ſenſe. On which occaſion let me note by the by, 


that the frequent variations of ſenſe muſt render it but an uncertain ſtandard of heat and 
cold: and upon ſuppoſition, that theie were an adiaphorous body in refe: ence to our 
ſenſe; yet it would not be ſo in reference to all other bodies, or, in the phraſe of our 
Verulam, ſpeaking of heat, in ordine ad univerſum. And tor what remains, the con- 
troverſy grounded on Gaſſendus's argument ſeems to be rather verbal, than real, and 


may be determined, or compoſed, by ſettling the diſtinct acceptions of the words cold 


and heat, 


SECTION. 
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SECT Þ»O NN VI. 


Phil. WurREFORE I wiſh that we might not waſte the little time that is left us, upon 
niceties of no greater concernment z and I think this ſhort time would be better em. 
ployed, if Carneades would be pleaſed to tell us a little more particularly, what he ſup- 
poſes to be the thing, that withheld Mr. Boyle from delivering an opinion about the nz. 
ture of cold. 

Eleulb. YeT, methinks, it is but fair, that Carneades, who has all this while been 
confined to the anſwering another's arguments, ſhould now take his turn to propoſe his 
own. | 

Carn. I rind, in each of your motions, gentlemen, ſomething ſo equitable, and ſo 
expedient, that I ſhall in part comply with both. And that I may haſten to do what 
Philoponus deſires, I ſhall do no more than briefly point at two things, that may be 
alledged in favour of the hypotheſis I defend. For if you reflect upon what we have 
already diſcourſed, we may take notice of things there, that will ſcarce be well accounted 
for by being aſcribed to poſitive cold, but may be far better explained agreeably to our 
hypotheſis. And muſt add, in the next place, that I, who ſuſtained the perſon of a 
reſpondent, may pretend to have ſufficiently diſcharged my office, if I have ſhewn the 
invalidity of all the opponents arguments; and it is his part, who aſſerts a poſitive 
thing in nature, to make it good, whereas he that denies it, needs not alledge any other 
reaſon why he does ſo, than the authority of that juſtly received axiom in philoſophizing, 
Entia non ſunt multiplicanda abſque neceſſitate. And, I hope, there will need no other 
engine to demoliſh an ill-formed and proofleſs opinion about cold, than an axiom ſo 
ſolid and efficacious, that in the opinion of almoſt all the modern naturaliſts it has been 
able to aboliſh ſuch potent and immenſe bodies as the primum mobile itſelf, and a ſupe- 
rior orb or two, the leaſt of which contained that firmament, in compariſon whereof the 
whole earth is but a point, And not only fo, but the {ame axiom has baniſhed the an- 
gels and intelligences from the celeſtial orbs, that HAriſtotle and his followers had 
aſſigned them to turn about; or rather hath releaſed thoſe noble and happy ſpirits from 
the drudgery, to which the philoſophers of fo many ages had needleſsly doomed 
them. 

Eleutb. I Tas leſs diſtruſt the validity of the axiom you alledge, becauſe I obſerve it 
to be the ground, on which is built a great part of the reformation of philoſophy, that 
is introduced by the moderns. For one of the main things that firſt moved con- 
ſidering men to ſeck for more ſatis factory opinions, than thoſe of the peripatetick ſchool, 
was, that theſe obtruded a great many tenets in philoſophy, that were not only un- 
proved, but unneceſſary to the explication of the phenomena of nature; as it were not 
difficult to ſhew. | : 

Bur I ſee Philoponus preparing to renew the motion he lately made, in which the 
ſhortneſs of time makes me now think it ſeaſonable to join with him, I being no leſs de- 
firous than he to know, what may be the motives of your friend's declining to declare 
himicif fully about the nature and cauſe of cold. 

Carn. I nave already intimated to you, at the beginning of our conference, that ne 
is himſelf the fitteſt perſon to be addreſſed to for ſatisfying this enquiry. But not to be 
altogether ſilent on this occaſion, I ſhall tell you, that, as far as I can gueſs, he wal 
till farther trials and ſpeculations have reſolved him in ſome points, wherein he is ndl 
yet [atisfcd : for, being of a temper back ward enough to acquieſce without ſufficient 
evidence, when the enquiry is difficult, and the ſubje& important; he ſeems to ms 
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be kept in ſuſpenſe, both hy ſome ſpeculative doubts, and the phenomena of divers ex - 


-riments, ſome of which are not delivered in his book. It would be now improper to 
mention the ſcruples and heſitancies they have occaſioned in him; though of thoſe, I 
have heard him ſpeak of, I ſhall name ſome inſtances that occur the moſt readily. As 
I remember I heard him make enquiry, as to thoſe that would have cold produced by 
corpuſcles of cold; whether, and on what account, thoſe little fragments of matter are 
cold? whether thoſe frigorifick particles, that muſt in multitudes crowd into water to 
turn it into ice, have gravity or levity, or are indifferent to both? And how any of the 
three anſwers, that may be made to this enquiry, will agree to ſome phænomena, that 
may be produced? what ſtructure the corpuſcles of cold can be of, that ſhould make 
them frigorifick to that innumerable variety of bodies they are ſaid to pervade? And, 
whether the frigorifick faculty of theſe corpulclcs be looſable, or not? As alſo, whether 
or no they be make bodies; and if it be faid, they are not, whether there was not 
cold in the world before they were produced, and whence-that cold could proceed? And 
if it were ſaid, they are primitive bodies, he demanded, how it came to pals, that by 
putti g a Certain factitious body actually warm, into water that was allo warm (both 
which appeared by a good ſealed weather-glaſs) there ſhould preſently be produced an 
actual coldneſs (diſcernible by the ſame thermoſcope) ? Theſe, and I know not what 
other ſcruples and difficulties, ſuggeſted to him by his thoughts, or his experiments, 
were the things, that, I ſuppoſe, prevailed with a man of his temper to forbear for a 
while the declaring of his ſentiments about cold, leſt the event of ſome farther trial ſhould 
ſhew him cauſe to retract them. : 

Phil. War you have freſhly intimated, Carneades, of Mr. Boyle's having other heſi- 
tations, than thoſe you have named and ſuggeſted by experiments, not publiſhed in his 
hiſtory, does, I confeſs, the more excite my curioſity to have, at leaſt, a caſte of thoſe 
perplexing phenomena. . 

Carn. You may eaſily gueſs, Philoponus, by what I have told you already, that you 
are not to expect a full ſatisfaction from me on this occaſion. But yet, that your curio- 
ſity may not be fruſtrated, I ſhall venture to acquaint you with two phænomena, which 
were, I ſuppoſe, none of the leaſt motives of his back wardneſs to declare himſelf. But 
though ſome body perhaps thinks, that the grounds of ſolving theſe phænomena, and 
moſt of the newly recited ſcruples, may be picked out of ſome things, that may already 
have paſſed among us in this conference ; yet, becauſe we have not now time to enter 
upon a diſcuſſion of this matter, I am willing you ſhould ſuſpend the debate, till we 
have occaſion to meet another time; and therefore I ſhall now only acquaint you with 
a couple of experiments, that he ſet down for a virtuoſo, who was to ſolve the two 
main problems ſuggeſted by them. The firſt whereof was, whence water ſhould, upon 
congelation, acquire ſo vaſt a force, as he found it had, to lift up great weights, and 
burſt containing bodies; though it ſeemed by ſeveral circumſtances, that the motion of 
the water 1s very much diminiſhed, when it is changed into ice, And the ſecond pro- 
blem is thus conceived z if, as a briſk agitation of a body's inſenſible parts produces 
heat, ſo the privation of that motion is, as Cardan, and the Carteſians would have it, 


the cauſe of cold; whence is it, that, if certain bodies be put together, there will be a 


manileſt and furious agitation of the ſmall parts, and yet, upon this conflict, the mix- 
ture will not grow hot, but ſenſibly and even conſiderably cold? The narratives them- 
ſelves, of the experiments, are too long to be now read over to you. And therefore, I 
ſhall leave the paper, that contains them, among you, to be peruſed at your leiſure, 
between this and our next meeting, till when I muſt bid you farewell; only deſiring 
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you in the mean while to remember, that, as I have but acted a part i 
me 1n our paſt conference, ſo, notwithſtanding any thing that I have ſaid 


capacity, I reſerve to myſelf the right of appearing as little pre-engaged, 
at our next meeting. 


Impoſed upon 
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And propoſed in a LETTER to a FRIEND. 


To my very Learned Friend Mr. J. B. 


SIR, 


PRESUME, that you will not be ſurprized to be told, that I ſend you the incloſcd 
4 papers, not only that I might gratify your curiofity, but that you may by them be 
enabled to help me to ſatisfy my own 3 and therefore I ſhall accompany the hiſtorical 
tranſcripts | {ide of the following experiments, as I found them regiſtered for my own 


remembrance, with ſome of the doubts ſuggeſted to me by ſome of the phenomena | 


that occurred. But yet I ſhall not trouble you with all the difficulties that at fit 
troubled me, but reduce the exerciſe, I deſire to give your ſagacity to the ſolution of 
rwo problems. And I will begin with propounding that firſt, which is grounded upon 
the laſt of the two following papers, becauſe, though the hiſtorical part of that be much 


the longeſt, yet the grounds of my quere concerning it will be much more briefly pro- 


poſed, the experiment itſelf naturally ſuggeſting this problem; “ How, upon the mit- 
*« ture of two or three bodies, ſuch as thoſe mentioned in the paper, there ſhould man- 
« feſtly enſue a great and tumultuary agitation of ſmall parts, and yet even during tis 
« confi *, not ahy ſenſible heat, but a conſiderable degree of cold, be produced,” and 
that even in the internal parts of the mixture? 
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Taz inducements to make this problem need not be far fetched, it being obvious 
enough, that, according to the corpuſcularian philoſophy, which you and J agree in, a 
briſk, and various agitation of the minute parts of a body is that, which makes it hot, 
both in reference to our ſenſories, and to its operations on other bodies. But I doubt 
the riſe of the problem is much more eaſy to be underſtood, than the cauſe of the phæ- 
nomenon, about which I will not aſk you, whether one may not aſſert, that local mo- 
tion is, in its own nature, a generical thing, which may be ſo diverſified by circum- 
ances, that one kind of modification of it, as it is made in corpuſeles of ſeveral ſizes, 
and ſhapes, may be the cauſe of heat, and another, that of cold ? or elſe, whether we 
may ſuppoſe, that cold is a poſitive thing, and operates by real corpuſcles of cold, 
which happening to abound, and yet to be lpcked up in the bodies, whoſe mixtures [ 
employed, they are, by the great conflict that diſſolves the texture of the claſhing ſalts, 
{eparately put into. motion, and that in ſuch numbers, that though really there would 
be a heat produced by the briſk and confuſed agitation of ſome of the parts, yet that 
heat is not only concealed, and checked, but maſtered by the over-powering operation 
of the frigorifick corpuſcles. But to aſk you about this, or any other particular way 
of ſolving our phenomenon, were to forget, that my aim is to learn not your opinion 
of this, or that particular conjecture, or fancy, about our problem, but in general, how 
it may be beſt reſolved, and what you think to be the true cauſe of ſo odd an effect. 

Havins thus diſpatched the little I had to ſay about the paper, that ſuggeſted the 
ſecond problem, I will now ſuppoſe, rhat you have read the phenomena, that contain 
the riſe of the firſt, to which 1 ſhall proceed, without farther preamble, ſince the 
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queſtion, or problem, that theſe naturally call for, is, Whence this vaſt force of Prob. I. 


« freezing water proceeds?“ | | 

For the breaking of reſiſting bodies being to be made by a violent local motion, and 
cold, according to the judgment even of the moderns, either conſiſting in, or at leaſt, 
being accompanied with a privation, or a great imminution of motion, it ſeems very 
difficult to conceive, how cold ſhould make water to exert to wonderful a force. I know 
the learned Gaſſendus, and divers other philoſophers teach us, that glaciation is per- 
Formed by the entering of ſwarms of corpuſcles of cold, as they call them, into the 
liquor. But I much doubt, whether, from this hypotheſis, a good ſolution of our phæ- 
nomenon will be derived, ſince theſe atoms of cold ſeem not barely, as ſuch, to make 
that expanſion of the water, which is required in the experiment by me recited, For 1 
lee, that though water will be more and more reſrigerated, according as the air grows 
coider and colder, yet,” till it be brought to an actual glaciation, all the fwarms of the 
irigorifick atoms in it are ſo far from expanding it, thut they more and more condenſe 
it. And even that degree of cold, which deſtroys fluidity, though it expands water, 
does not do it merely by the multitudes of the frigorifick corpuſcles, that invade the 
pores of the lately fluid body, ſince pure ſpirit of wine, and almoſt all chymical oils, 
though expoied to the ſame degree of cold, that turns water into ice, or, as | have 
triecl, unto a tar greater than is neceſſary to do fo, will be but the more condenſed by 
toſe ſwarms of particles. But, which is more con ſiderable, I have carefully obſerved, 


that, beſides common or expreſſed oils, chymical oil of anifeeds itſelf, being frozen, or 


Concreted by an intenſe degree of cold, will not be expanded, but notably condenſed, 
and accordingly grow ſpecifically heavier than before. And this was one thing that 
ept me from expecting the removal of our difficulty from the ingenious explication 
given of freezing by the Carteſians, when they teach, that the eel like particles, whereof 
they luppolc water to conſiſt, are very remiſsly agitated, and their want of pliantneſs 
makcs their contexture lets cloſe ; which feems not to agree with the lately mentioned 
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Two Problems * Cold. 


trials. And though theſe eel like particles ſhould loſe all their flexibleneſs, thou JF 
that caſe, it may probably te ſaid, that they would take up Jeſs room than before, if 
nothing oppoſe their expanſion. yet it does not thence appear, how they ſhould acquire 
ſo valt a power to expand themſelves in ſpite of oppoſition, as we have ſhewn water, by 
freez.ng, does acquire. l 

1 pip not hope to reſolve our problem by the help of a vulgar ſuppoſition, that wel 
ſtopped veſſels are broken in froſty weather o fugam vacui, ſince I found that ſuppoſi- 
tion to be erroneous by divers experiments, ſome of which are mentioned in the hiſtory 
of cold. | . : 

Ir ſeemed leſs improbable, that ſome aſſiſtance to the ſolving of our difficulty might 
be given by two other things, Whereof the firſt is, that, for aught I have yet ob- 
ſerved, no liquor but water, or that which participates of water, by having aqueoug 
particles ſeparable from it, will be made to ſwell by cold; nor will water itſelf do ſo upon 
every degree of cold, but only upon ſo great an one as actually turns it into ice. And 
the ſecond is, that upon the glaciation of water, and aqueous liquors, we may obſerve 
in the ice many bubbles, greater or ſmaller, intercepted between the ſolid parts, and 
ſuppoſed to be full of air (I ſay, ſuppoſed, becauſe, upon trial, I found them to have 
yielded but a ſmall proportion of common air) ; which ſuppoſition, if true, would per. 
haps invite one to ſuſpect, that the air contained in theſe bubbles might have an intereſt 
in our phznomenon ; fince I have found, by trial purpoſely made, that air congregated 
into viſible, though not great portions, may exerciſe a conſiderable elaſticity, which 
appeared not whilſt it was inviſibly diſperſed through the water. 


AnDp if I did not ſuppoſe, both that you had taken notice, that there are wont to be 


numerous particles of ſpringy air diſperſed through the pores of water ; and that you had 
conſidered, whether the want of pliantneſs, occaſioned by cold in the aqueous corpuſ- 
cles, whilſt they are yet agitated and brandiſhed by ſome permeating matter; and whe- 
ther, upon the change of the pores, that we may conceive to be made in freezing wa 
ter, either by the receſs of one ſort of ſubtil corpuſcles, or the admiſſion of another, or 
the cloſer conſtipation of the groſſer parts, there may not be produced in corpuſcles, 


that compole water) to ſay nothing of the intermixed air, or the concretions, or the 


coalitions, occaſioned by the cold) a ſpringineſs capable to make many little bodies, en- 
dowed with it, exert a great force againſt the ſides of the veſſel, that oppoſe their 
joint endeavour to expand themſelves: if, I ſay, I did not believe, that theſe, and the 


like ſuſpicions, had occurred to you, as well as to me, together with the difficulties, 


wherewich each of them ſeems to be incumbered, I would acquaint you with what 
thoughts and trials occurred to me about theſe, and the like conceits. But I not daring 
to think this could prove other than a needleſs work, I muſt remember, that my bulinels, 
in this paper, is to propoſe difficultics, not the ways of ſolving them ; it being, from 
your kir dneſs and ſagacity, that theſe are as well expected, as deſired, by, 
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ONSIDERIN G, when I writ the hiſtory of cold, that, though divers phæno- 
mena might induce an. attentive obſerver to think, that freezing water had an 
expanſive force, yet I had not met with any that endeavoured, or even propoſed to 


meaſure it, whether, becauſe they reflected not on it at all, or judged not the force con- : 


ſiderable; I, who lo ked with other eyes upon it, thought fit to repair that omiſſion, but 
was then ſo ill furniſhed with requiſites for doing ut fully, that, I remember, I com- 
plained of it in my hiſtory of cold, And though, even afterwards, when the time of 
the year was favourable, I could not procure ſuch accommodations as my deſign exacted 
yet, thinking an 1myerte& way of mca{uring to be better than none, I preferred, to the 
making no attempt at all. he endeavouring to do what the lealt defective inſtruments I 
could procure would permit me, towards the making an eſtimate by known meaſures, of 


the expanſive power of freezing water. For though I did not expect 1 ſhould be able 


accurately to define it, yet I hoped I ſhould make ſuch an eſtimate, as to Know, that 


ſorce not to be, as one would think it, faint and contemptible, but very great and con- 


ſiderable. 


I REMEMBER on this occaſion, that to manifeſt the force of freezing water, I cauſed 
the barrel of a ſhort gun to have a ſcrew fitted to the noſe of it, by which we might 


exactly ſtop it, as we did the tovch-hole another way; then filling the barrel with com- 
mon water, and cloſing it accurately by the help of the ſcrew, we laid it in a conveniently - 
| ſhaped veſſel, wherein we encompaſſ. d. it with a fiigoriick mixture (of ſnow, or ice, 
and falt) and in a ſhort time we found, as we expected, the barrel to be burſt, part of 
the ice appearing along the gaping ſlit that had been made in the body of the iron by the 


freezing water, which, by this effect, ſeemed to emulate the juſtly-admired force of kin- 
un But the deſign of this ſhort paper tending not ſo much to prove, as 
(12 ſome fort) to meaſure the expanſive force of water, I ſhall ſubjoin the tranſeripts of 


Cicd gun-powder, 


tuo or three experiments, made chicfly- for that purpoſe, 
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An Attempt to manifeſt and meaſure 


EXPERIMENT I. 


[Tux was taken a ſtrong cylinder of braſs, whoſe cavity was two inches in dia 
ter; into this was put a bladder of a convenient ze, with a quantity of water in it 2 
the neck of the bladder (Which I had taken care to have oiled) being ſtrongly tied 0 
water might not get out intò the cavity of the cylinder, nor be capable of expan + 
itſelf ſome other way than upwards. Then into this cylinder was fitted a plug of — 
turned on purpoſe, which was ſomewhat leſs in diameter than the cylindrical cavity, that 
it might riſe and fall eaſily in it. Upon the upper part of this plug was laid a conve 
niently ſhaped flat body, upon which were placed divers weights to depreſs the ply ; 
and hinder its being lifted up by the expanſion wont to be made in water that is Ms 
to freeze; then a trigorifick mixture being afterwards applied to the cylinder, it appear- 
ed, within half an hour, or ſomewhat more, by a circle, that had been purpoſely traced 
on the fide of the plug, where it was almoſt contiguous to the orifice of the cylinder 
that the water in the bladder began to expand itſelf, and about two hours after, having 
occaſion to ſhew the experiment to ſome inquiſitive perſons, the circle appeared to have 
been heaved up, in my eſtimate, about 3, if not half of an inch, notwithſtanding all the 
weights that endeavoured to hinder the aſcenſion, though theſe weights amounted 10 
115 pounds, which were all the determinate weights we could then procure, beſides 2 
brick, and ſome other things, that were eſtimated at five pounds more; nor did 1 doubt 
that a far greater load would not have hindered its expanſion. ] 


EXPERIMENT H. 


[We took a braſs cylinder, whoſe dimenſions were three inches eight tenths in di 


meter, and in depth four inches. Into this we put a fine bladder of a convenient ſize, 


almoſt filled with water, and ſtrongly tied about the neck; upon this bladder we put the 
wooden plug to ſtop up the orifice, as much as was convenient, and upon the plug we 


put a piece of a flat board for the weights to ſtand upon. Thete things being prepared, 


we conveyed the cylinder with all that belonged to it, ſave the board, into a large 
wooden bowl, where we applied to the cylinder a good quantity of the frigorifick mix 
ture, made with beaten ice and bay ſalt; and having firſt marked with a circular line the 
edge or contact, where the or:fice or lip of the cylinder touched the plug, we laid on 
the weights upon the board; and when by their weight they had depreſſed the plug til 
the cover of it leaned upon the cylinder, we diſpoſed ourſelves to attend the iſſue af 
the trial. The event whereof was this, that when the action of the frigorifck mixture 
had produced ſome ice in the water included in the bladder, that liquor appeared tv have 
dilated itſelf ſtrongly enough to begin to raiſe the plug with the ſuper-incumbent weights, 
and by degrees they were, by the growing ice, raiſed, till the mark, diligeatly mace cn 
the plug, where the edge of the cylinder touched it, was abcut a tenth part of an inci 


above the ſtation it had before the plug had been depreſſed. Then we took out tie 


bladder, and found the cylinder of water within the bladder not to be wholly turned into 
ice, but to contain ſome quantity of unfrozen water in the parts about the centre, which 
liquor, if we had not fo ſoon deſiſted from the experiment (as for certain reaſons we Cid) 
might probably have raiſed the weights ſomewhat higher. But as it was, the ice in 


length was but three inches and about 3, and yet ſo ſmall a quantity of ice nel 
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the great and expanſive Force of Freezing Water. 


2 board they leaned on, as many weights of lead as amounted to an hun- 
ared pounds avoirdupois. ] 


"EXPERIMEN T II. 


[Tur day after the above-mentioned experiment was made, to try yet farther the ex- 
anſive force of freezing water, the ſame was reiterated after the manner above delivered, 
but with this difference, that having procured more weight, when the plug was lifted - 
vp 3, or ſomewhat better (which plug began ſenſibly to riſe within half, or three quarters 
of an hour, after the frigorifick mixture was applied) it was loaded with a weight of two 
hundred pounds, and a-fifteen pound-piece of lead, and other bodies, as boards, &c. 
to lay the weights upon, which being alſo weighed by themſelves, came to fifteen pounds 
more, ſo that the whole amounted to two hundred and thirty pounds; and if the hun- 
dred pounds were both of them, as their bulk and ſhape invited us to gueſs, of that 
fort of weights which are called the great hundred, containing an hundred and twelve 
pounds a- piece, twenty-four pounds muſt be added to the ſum, which would thereby be 
made up two hundred and fifty-four pounds. ]: - 


A- 
NEW EXPERIMEN T 
ABOUT TH-E 
PRODUCTION OF COLD 


By tte CONFLICT of BODIES, appearing to make wn 
EBULLITION. 


ND now, that we are ſearching after the nature of cold, I am put in mind, that 
III have ſometimes wondered at a certain experiment that is ſo anomalous, and 
ſeems ſo little of kin to the uſual phænomena of cold, that though I do not particularly 
teach the way of making it, becauſe I could not do it without diſcovering ſomething in 
chymiſtry, that cogent conſiderations forbid me at preſent to publiſh; yer I cannot for- 

ear to relate, on this occaſion, the matter of fact, both becauſe it may afford conſiderable 
hints to ſagacious inquirers, and becauſe it ſeems ſo little congruous to moſt theories of 
the cauſes of cold, that it may make the framers of theories more wary, and help alſo 
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* my backwardnels to propoſe hy pocheſes about cold in a reſolute and confident 

Tur experiment is this: we took three ſaline bodies, each of them purified by the fire 
and whereas there are divers bodies, that being mingled together acquired a heat which 
neither of them had apart; and whereas it is ſaid by ſome, that there are a few. which 
being blended together, make a mixture ſomewhat colder than either of themſelves 
theſe ſalts of ours being put together in due proportion, do, upon their mixture, produce 
that, which the eye judges to be a great Eee but though the hiſſing noiſe be 
loud, and though the numerous bubbles ſuddenly generated will make the matter 3 
ro overflow the glaſs, if the one be not capacious, and the other be not put in by little 
and little; yet even whilſt this ſeeming ebullition laſts, the glaſs, which one would expect 
to find very hot (as uſually happens upon the mixture of the ſalt of tartar, and ſpirit of 
nitre, and upon the confuſion of the like ſaline bodies diſpoſed to produce together ſuch 
effloreſcencies) inſtead of growing hot, does, if it be held in one's hand, feel much cooler 
than before, and that in a wonderful degree; inſomuch, that even in winter the outſide 
of the glaſs would quickly be covered with great drops of dew, which after a while 
would unite, and trickle down by their own weight. And this we could make to laſt 
for a great while, by caſting in by degrees more and more of one of the ingredients on 
the other. And beſides that, this copious dew on the outſide of the glaſs, reached as 
high as the mixture within, which argued whence it proceeded ; beſides that, purpoſely 
looking on the bottom of the glaſs, whoſe outſide was concave, we found no ſuch 
drops of dew there, becauſe the vapours of the external air could not, in any quantity, 
have acceſs to it; which ſhewed the dew, conſpicuous elſewhere, not to come from the 
tranſudation of the finer parts of the mixture through the pores of the glaſs ; beſides 
theſe things, I ſay, I remember, that having ſometimes purpoſely wiped off the dew here 
and there with my handkerchief, the dry parts of the glaſs would in no long time reg:in 
freſh drops of dew, And this odd experiment we did for the main repeat, not only in 
the preſence of an induſtrious chymiſt {whoſe trials unexpectedly gave us the riſe of the 
experiment) but alſo alone, and at differing ſeaſons of the year. 

I HALL add, that having afterwards, about the middle of November, thought fit to 
vary a little, and repeat the experiment, becauſe I could then make uſe ot a ſeakd 
weather-glaſs, which | had not at hand when I made the former trials; I took two deep 
glaſſes, into the one of which I put a good quantity of fair water, and in the other I made 
ſuch a mixture, as I was lately mentioning ; and having by a ſtrmg (to prevent the al- 
tering of the temper of the included air by the warmth of my fingers) let down the 
weather-glaſs into the water, that the liquor ſhut up in the inſtrument might be cooled 
by the ambient water; after it had ſtaid there a reaſonable time, I took it oũt, by the 
ſtring that was faſtened to the upper part of it, and letting it down into the mixture, 
that was then hiſſing, and filling the veſſel that contained it with multitudes of ſucceſ- 
ſively emerging and haitily vaniſhing bubbles; l perceived nevertheleſs, that the cold- 
refs of the ſeemingly effet veſcent mixture made the impritoned tincted liquor to ſublide 
ſo low, that from four inches and three quarters (or thereabout) at which height it ſtood 
ia the carefully divided ſtem, when the weather glaſs was taken out of the water, it tell 
in a ſhort time lower than to one inch and an half. And becauſe I foreſaw that this 
micht ſerm ſcarce credible, eſpecially if I ſhould relate how ſwiftly the impriſoned liquor 


' ſabfites at the beginning; I ſhall annex, that, for farther ſatisfaction of others, I tc 


ved the thermometer out of the mixture into the common water again, where it [000 


1:2=1-d ro ſomewhat above four inches and a half; and not content with that, & aw a 
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a ſecond time into ſome of the frigefactive mixture before it had done foaming, in which 
it fell, as before, ſomewhat below an inch and a half, and, preſently after, almoſt as 
low as to an inch. And having once more put it back into the glaſs that contained the 
water, the included liquor re-aſcended to above four inches and a half, and this in an 
excellent ſealed weather-glaſs, ,whoſe ftem was not in all above ten inches long, with a 
ball proportionably big. And for farther confirmation, I took notice, that, whilſt the 
mixture, by its hiſſing noiſe, and its ſtrangely numerous bubbles, ſeemed to be in a ſtate 
of ebullition, the outſides of the glaſs that contained it, were, as far as the mixture 
reached, ſo plentifully bedewed with the condenſed vapours of the ambient air, that their 
weight carried them down in little ſtreams, which left round about the bottom of the 
veſſel a pretty quantity of liquor, that appeared by its taſte not to have been made by 
the tranſudation of any of the ſharp and ſaline liquors that were agitated within the glaſs. 
There remained only one ſcruple, which was ſuggeſted to me by the remembering of a 
circumſtance, which, however, at the making of the fore-mentioned trials, I had not 
minded, and which poſſibly moſt obſervers would have neglected ; but calling to mind 
that the water I had made uſe of to immerſe the weather-glaſs in, was brought out of a 
room, wherein a fire was wont (though not conſtantly) to be kept, whereas the ingre- 
dients of the mixture were kept, and put together in a chamber, which, though conti- 
gucus to the former, had no chimney: in it; I thought fit, for greater circumſpection 
ſake, to let the water ſtand all night in this laſt- mentioned chamber, that the ambient air 
might have the ſame operation upon it, as upon thoſe bodies that were to be ingredients 
of the mixture; and then repeating the formerly-recited experiment, though I thought it 
needleſs to ſpend time to watch, as before I had done, the greateſt difference in cold 
betwixt the water and the bubbling mixture; yet by making removes of the weather-glaſs 
to and fro, from one liquor to another, it ſufficiently appeared, that the greater coldneſs, 
remarkable in the mixture, did not before proceed in any conſiderable degree (if in any 
degree at all) from the water's not having been kept in the ſame room with it. 

So that by theſe different trials it ſeems manifeſt, that the coldneſs of the mixture was 
not a deception of the ſenſory, ſince it would be diſcovered by the operation it had, nor 
only upon the vapours of the air on the outſide of the glaſs, but upon the thermometer 
itſelf, placed in the midſt of the mixture, which this laſt-named circumſtance argues to 
have been cold throughout, and even in its innermoſt parts. 

AxD to ſhew how much this ſtrange coldneſs depended upon the peculiar texture of 
the mixture, or the ſtructure of its component corpulcles, and the peculiar kind of mo- 
tion that was excited in the tumultuating particles; I ſhall here ſubjoin a relation, which 
probably will not appear deſpicable ; namely, that, in the firſt place, I took ſome of 
the acid liquor, the reſt of which I had made uſe of to make the mixture, whereof I have 
been ſpeaking z and put a convenient quantity of fair water, which had been kept a night 
or two in the ſame room {wherein was no chimney) with it, that there might be no 
caule of ſuſpicion, that the one had been expoſed to a more or leſs cold air than the 
other; and yet theſe two liquors did ſcarce ſenſibly differ in coldneſs; though to diſcover 
whether they did or no, I removed from one to another of them a good ſcaled weather- 
glaſs, with a very ſlender ſtem. THOU 

AnD, in the next place, I took a convenient quantity of the pure ſalt I had fo often 
employed, and caſt it into a glaſs full of water, which IJ had kept many hours in the 
lame room with it, and wherein I had a little before placed a ſcaled weather glaſs, that 
the included liquor might be brought to the temper of the ambient liquor ; but upon this 
injection, the tinted liquor of the thermoſcope ſubſided ſo little, as not to make me 
look upon this ſalt as being itſelf extraordinarily cold, ſince other obvious ſalts (that I have 
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at other times caſt into water to cool it a little) and even ſea- ſalt would (according to my 
eſtimate) have refrigerated it as much, if not more. Nor did I obſerve the glaſs where. 
in J was wont to keep ſtore of Hut ſalt (though I had often occaſion to handle it) diſcloſe 
to the touch any remarkable degree of coldneſs; fo that the coldneſs of our hiſſing mix- 
ture could not be a'tributed to that of either of the ingredients apart, but was a quality 
emergiag upon their being blended. ' Now, when I thus made theſe preparatory trials, 
haviog efterwarcs placed in the ſame window (of the chamber laſt- mentioned) a couple 
of glaſſes, with common water in one, and in the other ſome of that mixture, of who% 
frigelative power | had very recently made trial; I left them to ſtand there together all 
night, and left allo ſtanding by them ſuch a ſealed weather-glals as I have been mention- 
ing; and the next morning, when all the viſible commotion or agitation of the minute 
parts of the contrary ſalts of the mixture was quieted, I put the weather-glaſs, firſt, into 
one of thoſe two Iquors, and then into the other, and after removed it back into the 
former again, without perceiving any difference worth minding, betwixt the coldneſs of 
the mixture, and that of common water; and with much the like ſucceſs I repeated the 
trial, after the water and the other liquor had flood in the ſame room (unfurniſhed with, 
a chimney) fer near two Cays and nights. 3 
Av for farther confirmation, I ſhall add, that having inſtead of the ſalt, which 1 
hitherto made uſe of, taken {ome of the ſpirit that was wont to come over together 
with that ſalt, and did fo abound with it, that a good deal of it Jay undiſſolved at the 
bottom of the liquor; having, I ſay, employed this ſaline ſpirit, inſtead of the ſalt itſelf, 
and having for tria''s ſ:ke mixed with it another ſpirit, drawn in my own laboratory for 
the purpole, which to me ſet med as like, as could be made, to that, which I had all 
this Wie made uſe of; I found, that the mixture of theſe two liquors, though it pro- 
duced far fewer bubbles than I was wont to have, inſtead of growing cold, grew luke- 
warm, and quickly impelled the liquor in the weather-glaſs, from a little above three 
inches, to as much above eight; and yet, beſides that this. laſt ſpirit was, as far as I 
could perceive, and that attcr the ſame manner, drawn from the ſame materials with that 
I had uſed all this while; the ſmell and taſte (which are both of them peculiar and odd. 
enough) concurred to manifeſt the two ſpirits to be of the ſame kind. | 
AxD, for farther proof, I ſhall add, that to ſatisfy myſelf the more fully, I took a 
parcel of the ſame liquor, I had lately employed with fucceis in making the frigorifick. 
mixture; and yet even this liquor, which with the dry ſalt would queſtionle!s have pro- 
duced a frigefactive mixture, as well as the reſt had done, which I had a little before 
taken out of the fame phial; this liquor, I ſay, put to a new portion of the ſaline ſpirit 
above-mentioned, though they did not produce minute bubbles numerous enough to 
make a foam; yet the mixture, inſtead of growing very cold, grew manifeſtly luke- 
warm, not only in the judgment of the touch, but by its operation on a good ſealed 
weather-glaſs, carefully, and for a competent while employed to examine the temper of 
it. Whereas, on the contrary, having purpoſely kept ſome of the frigorifick ſpirit by. | 
the fre- ſide, till its temper was fo altered, that it nimbly enough rarefied and impelled 
up the ſpirit of wine contained in a ſealed weather-glaſs, immerſed in it, and having 
into this liquor caſt ſome of the frigorifick ſalt, even whilſt the ſpirit of wine was riling, 
and would probably have riſen a pretty while longer; this injected ſalt, when it began to 
be diſſolved, did not only give a check to the riſing liquor, and quickly put a ſtop to 
its aſcent ; but, as I expected, ſoon made it ſubſide again, till it tell about three inches 
1 or more (which was very much in a ſhort weather. glaſs) beneath the ſtation where the 
7 ſpirit of wine had reſted, before the liquor was ſet by the fire- ſide; nay, afterwards, I 
= tried, that a frigorifick fait, being well warmed by the fire fide, did, with an e 
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liquor, that was alſo warmed, produce a coldneſs manifeſtly perceivable by the weather- 
glaſs, So that in theſe caſes a body but moderately cold, nay, actually warm, haſtily 
reduced one, actually warm, or at leaſt tepid, to a far greater degree of actual coldneſs 
than itſelf had. | 
Tuts are ſome of the experiments I tried with the liquors and ſalts, of which, upon 
allowable confiderations, I muſt now forbear to ſet down the way of preparing; bur, 
that even at preſent I may not be altogether wanting to the curious, I deviſed a way of 
making a ſuccedaneum to this experiment, which I ſhall here willingly annex, as that, 
which though it be much inferior to what I may one day be at liberty to acquaint the 
reader with; yet it will ſhew the main thing intended, by manifcſting, that cold may, 
by che mingling of bodies, be produced or increaſed to a degree exceeding that of either 
of the bodies that compoſed the mixture; and this, though at the ſame - @ ſeeming 
efferveſcence be made by the bodies that thus refrigerate each other. | 
I Toox then very good {alt of tartar, and putting to it a convenient quantity of ſpirit 
of vinegar, I did, whilſt the mixture was hiſſing (but ſeemed to the touch to have re- 
fi2erared the glaſs that contained it (immerſe into it the ball of a good ſealed thermo- 
ſcope furniſhed with ſpirit of wine. And, though the weather-glaſs were not much above 
a foot long, yet the coluneſs of this mixture made the tincted liquor deſcend haſtily 
enough two inches and almoſt a half. And to ſhew farther, that this mixture was actu- 
ally colder than cold water, removing the weather-glaſs out of the mixture into that 
liquor, the tincted ſpirit began to re-aſcend, and that fo nimbly, that in about three 
minutes (that the ball of the thermoſcope ſtaid under water) the ſpirit of wine had re- 
aſcended about an inch and a half, if not more. And to try, whether this coldneſs of 
the mixture did proceed from or depend upon ſome texture of the parts that was not 
very permanent, and yet did not quite degenerate, immediately after the ingredients had 
ceaſed to work upon ore another; I remember, that near an hour after the ebullition of 
the ſpirit and ſalt of tart ir was over, the thermoſcope being removed out of the common 
water, where it had ſtood immerſed, into the mixture, deſcended about half an inch or 
more. For want of ſalt of tartar I could not begin the experiment anew, ard ſo am 
not ſure it will always ſucceed uniformly *. But yet to give myſelf what further ſatiſ- 
faction I could, by trying ihe ſame experiment in ſuch a way as might diſcover whether 
or no the phænomenon did not depend upon, or require ſome pecu'tar texture in the. 
fixed falt that had been employed; I took ſome alcali (made by diſſolving pot-athes in 
fair water, and reducing them by coagulation to a white ſalt) and pouring ſpirit of vine- 
gar to it, I found, that this mixture did not, whilſt it hiſſed, grow at all colder, - but 
rather ſomewhat warmer. And, for farther ſatisfaction, immerſing into it the ball of 
the newly-mentioned weather-glaſs, I found that it aſcended in a ſhort time about an inch, 
and, being removed into the water, deſcended about half an inch; and by making re- 
moves of it from one of theſe liquors into the crner, two cr three times more, I found, 
that tie ſpirit of wine did riſe and fall according to what has been newly obſerved, but 
its motions upwards and downwards were bath leſs than before, and more ſlow, 
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* The Autho:'s warineſs was not here amiſs, he having afteryards found that this experiment did not 
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The FIRST SECTION. 


E RN A N 


HE cauſe of the ſaltneſs of the ſea appears, by Ariſtolle'8 writings, to have buſied 
KK the curioſity of naturaliſts before his time; ſince which, his authority, perhaps, 
much more than his reaſons, did, for divers ages, make the ſchools, and the generality 
of naturaliſts, of his opinion, till towards the end of the laſt century, and the beginning 
of ours, ſome learned men took the boldneſs to queſtion the common opinion; ſince 
when the controverſy has been kept on foot, and, for aught I know, will be fo, as long 
as it is argued on both ſides but by dialectical arguments, which may be probable on 
both ſides, but are not convincing on either. Wherefore, I ſhall here briefly deliver 
ſome particulars about the ſaltneſs of the ſea, obtained by my own trials, where I was 
able; and where I was not, by the beſt relacions I could procure, eſpecially from navi- 
ators. | | 
- FigsT then, whereas the Peripateticks do, after their maſter Ariſtotle, derive the ſalt- 
neſs of the ſra from the aduſtion of the water by the ſun-beams, it has not been found, 
that I know of, that where no ſalt, or ſaline body, has been diſſolved in, or extracted 
by water expoſed to the ſun or other heat, there has been any ſuch ſaltneſs produced in 


it, as to juſtify the Ariſtotelian opinion. This may be gathered, as to the operation of 


the ſun, from the many lakes and ponds of freſh water to be met with, even in hot 
countries, where they lie expoſed to the action of the ſun. And as for other heats, hav- 
ing out of curioſity diſtilled off common water in large glaſs bodies and heads, till 1 
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the liquor was abſtracted, without finding, at the bottom, the two or three thouſandth 

art, by my gueſs, of ſalt, among a little white earthy ſubſtance that uſually remained. 
And though I had found a leſs inconſiderable quantity of falt, which, I doubt not, may 
be met with in ſome waters, I ſhould not have been apt to conclude it to have been gene- 
rated out of the water, by the action of the fire, becauſe I have, by ſeveral trials pur- 

ſely made, and elſewhere mentioned, found, that in many places (and I doubt not, 
but if I had farther tried, I ſhould have found the ſame in more) common water, before 
ever it be expoſed to the heat of the ſun or other fire, has in it an eaſily diſcoverable 
ſaltneſs of the nature of common ſalt, or ſea-ſalt, which two I am not here ſolicitous 
to diſtinguiſh, becauſe of the affinity of their natures, and, that in moſt places, the ſalt 


eaten at table, is but ſea- ſalt freed from its earthy and other heterogeneities, the abſence 


of which makes it more white than ſea-ſalt is wont to be with us. Theſe laſt words I 


add, becauſe credible navigators have informed me, that in ſome countries, ſea-ſalt, 


without any preparation, coagulates very white; of which ſalt I have had (from divers 
parts) and uſed ſome parcels. 

Bur ſome of the champions of Ariſtotle's opinion are fo bold, as to alledge experience 
for it, vouching the teſtimony of Scaliger to prove that the ſea taſtes ſalter at the top 
than at the bottom, where the water is affirmed to be freſh, But as for the authority of 
Scaliger, though I take him to be an acute writer, yet I confeſs, that, for reaſons elſe- 
where given, I do not allow it that veneration, which I find given it by very learned 
men; nor am I over prone, even as to mattes of fact, to acquieſce in what he tells us, 
when he neither ſignifies that he delivers things upon his own experience, or declares 
from what credible information from others he received them. 

IT is true, that having often obſerved that ſea-ſalt diſſolved in water is, upon the 
receſs of the ſuperfluous liquor, wont to begin its concretion, not as moſt other ſalts do, 
at either the lateral or lower parts of the veſſel, but at the top of the water, I will not 
think it impoſſible, that ſometimes in very hot climates, or weather, the ſea may taſte 
more ſalt at the top, than at ſome diſtance beneath it. But conſidering how great a 


proportion of the ſalt common water is wont to be impregnated with, before it ſuffers 


ſaline concretions to begin, and how far ſhort of that proportion the ſalt contained in the 


ſea-water is wont to be, infomuch, that about Holland, a Dutch geographer or two have 
not found it to amount to the proportion of one to forty; and I in England found it to 
be no more than I ſhall hereafter ſpecify z- it ſeems not unlikely, that Scaliger's * obſer- 
vation was well made, and it muſt be very unlikely that it ſhould generally hold, if the 


ſaltneſs of the ſuperficial parts of the fea be compared with that of the lower parts of it. 
AND yet I do not build my opinion wholly upon this argument of {ome modern phi- 


loſophers, that ſalt being a heavier body than water, muſt neceſſarily communicate moſt: 


ſaltneſs to the loweſt parts. 
Fox though this argument be a prob able one, yet water being a fluid body, the 


reſtleſs agitation of whoſe corpuſcles makes them, and the corpulcl-s they carry. with 
them, perpetually ſhift places, whereby the ſame parts come to be ſometimes at the top, 


and ſometimes at the bottom ; this conſideration, together with what was lately noted of 


the peculiar diſpoſition of diſſolved ſca-ſalt, to begin its coagulation upon the furtace. of 


the water, may make the argument, we are conſidering, ſulpeted not to be ſo cogent, 


as at firſt fight one may think it. Which ſuſpicion I might ſome what countenance by. 


ſuhjoining, that in divers metals, and other tincted ſolutions, I have not uſually obſerved 


che upper part of the liquor to be maniteſtly deeper coloured than the lower; though, . 


„ See the third Se gion towards the latter end. 
between 


Objer vations and E æheriments 


between metalline bodies and their menſtruums, the diſproportion of 'ſpecifick gravity 


does uſually much exceed that, which I have met with, between ſea- ſalt and common 
WAX, | a 
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Ir is urged out of Liaſi holten by a learned modern writer, that wanting freſh water 
near Goa (the Mtiopolis of the Portugals in the Eaſt- Indies) t hey make their faves 
fetch it, by diving, from the bottom of the ſca; which ſeems a clear evincement of the 
Peripatetick opinion. But, in this obſervation, I cannot acquieſce, for two reaſons ; 
the one, becauſe, that though what is alledged, as matter of fact, were ſtrictly true, yet 
ſo general a concluſion could not be ſaſely drawn from that particular inſtance, ſince in 
other parts of the ſea, the contrary has been found by experience, as I ſhall ſhew ere 
long. And cther rcaſons than thoſe given by the Peripateticks may be rendered of what 
happens at Goa, which reaſons may extend to the like caſes, if elſewhere they ſhall hap- 
pen to be met with, For it may very well be, that ſprings of freſh water may ariſe in 
ſome parts of the ſurface of the earth that are covered with the ſea, as they do in innu- 

3erable vallies and other places of the terreſtrial ſurface that is not ſo covered; not ta 
mention thoſe ſprings that appear in divers places upon a low ebb, covered with the 
Tea during the flood. The curious Hungarian Þ governor that gives us an account of 
the wonderful waters that ennoble his country, relates, that in the river Vagus, that runs 
by the fortreſs Galgotium, the veins of hot water ſpring up in the bottom of the river 
mel, Negue in ripa tantim, ſays he, eruuntur calide, ſed etiam intra amnem, fi fundum 
eius pedibus ſuffodias ;, calen! autem immodicè, &c. Nay, I have been aſſured by more 
than our learned eye-witneſs, that there is a place upon the Neapolitan coaſt, where 
they (and, I think, a writer or two of thoſe parts) obſerved the water to ſpring up hot 
beneath the furface of the ſea, inſomuch, that one of my relators thruſting in his hand 
and arm ſomewhat deeper than was convenient, found there an offenſive degree of heat. 

BEsipEs (which is my ſecond conjecture) as to the particular cale of Ca, I had the 

curioſity to enquire of a great traveller, and a man of letters, that lived in that city and 
the ncivhbourirg places, and gave me a pertinent account of them, eſpecially of that 
place, whence the freſh water is fetched by the divers, which his curiolity led him to 
viſit, and take ſpecial notice of; but I found by him, that the divers do not now think 
it ncedful to fetch their freſh water ſo low as from the bottom of the ſea, and that, by 
the little depth, whence his and other men's curiofity cauſed it to be taken up, he judged 
it did not ſo much come from any freſh water ſprings r {ing at the bottom of the ſea, 
as from a ſmall river (HO name I do not remember) that not far from thence runs 
into the ſea, with ſuch a juncture of circuTſtances, that at the mentioned places, the 
{freſh water does yet keep itſelf tolcrably diſtinct, and is not yet ſo far made brackiſh, 
as not to centinue potable, though not very good. Which, conjecture of his I could 
make probable, by what I have had from eminent and obſerving men among our own 
navigators, touching the ſliding of waters one over another, in ſome parts of the ſca, 
eſpecially near the mouths cf rivers. But the diſcuſſion of this matter, and the parti- 
culars of the account given me of the ſituation of the place where water is dived for 
near Cca, would require more words than they would in this place delerve, unleis the 
point under debate were more important to our pretent purpoſe, 
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uch here pretend to a clear demonſtration, by experience of the contrary of what 
gcaliger delivers, by vouching the teſtimony of the learned Patricius, ho affirms, that ® 


being upon the ſea, Which takes its Cenomination from the iſ}and of Crete (now Can lia) 
he did, in the company of a Venetian magiſtrate, Mocinigo, let down a veſt 1 (turmſhed 
with a weight to (ink it) te the bottom of the ſea, where, by the help of a contfivance, 
ir was unſtopped, and filled with water there, which being drawn up, was found to be 


not freſh, but ſale. This experiment, I ſay, I could oppoſe as a d-moriſt: ation againſt | 


Scaliger; but though it be a very probable argument, and more conſiderable than any I 


have ſeen brought by the Peripatetjcks for their opinion, yet, 1 confeſs, it would be more 
ſatisfactory to me, if it would not permit me to ſuſpect, that in the drawing up of the 


vtſſel through the ſalt water, though there had been freſh water taken in at the bottom, 
the taſte may have been altered by the ſubingreſſion of ſalt water, which being, bulk tor 
bulk, heavicr than freſh, would by its ponderduſneſs endeavour to ſi-k into the a'cending 


veſſel, and thereby more eaſily expel part of the freſh water, and mi: gle with the reſt. 
\W hetefore, I ſhall confirm the ſaltneſs of the ſea at the bottom by tome ob.ervations., 


that are not liable to the ſame objections as that of Patricius. 
Tre firſt is that of the perſon, whom | ellewhere mention, to be able, by help of 
an ergine, to ſtay a conſiderable time at the bu:tum of the ſca; for of him I Jearned, 


among other things, that I deſired to be informed of touching that place, that he found 
the water to have as ſalt a taſte there as at the top. X a 


THe next obſervation I obtained by means cf a great traveller into the Eaſt and Te-. 


Indies, who having had the curioſity to viſit the famous pear'-fiſhing at Manar, near 
the great Cape of Comori, anſwered me, that he had the ſame curioſity thit | ex- 
preſſed to learn of the divers, whether they found the water ſalt at the bottom of the 
ita, whence they fetch their pearl-fiſhes? and that he was aſſured by them that it was 
lo; and the ſame perſon being aſked by me about the ſaltneſs of the ſea in a certain place 
under the To:rid Zone, which the relation of a traveller inclined me to think to abound 
extraordinarily with ſalt, 2firmed to me, that not only the divers aſſured him, that the 
lea was there exceeding ſalt at the bottom, but brought up ſeveral hard lumps of ſalt from 
thence, whereof the fiſhermen and others were wont to make uſe of to ſeaſon their meat, 


as he himſelf alſo did; which yet I may aſcribe not only to the plenty of ſalt already 


diſſolved in the water, but to the greater indiſpoſition, that ſome forts of ſalts, whereof 
this may he one, have to be diſſolved in that liquor. 


To theſe I ſhall add this third obſervation : meeting with an inquiſitive engineer that 


had frequented the ſ-a, and had ſeveral opportunities to make obſervations of other kinds 
in deep waters, I deſired him that he would take along with him a certain copper veſſel 


of mine, furniſhed with two valves opening upwards, and let it down for me the next 


ume he went to ſeaz on which occaſion he told me, that, if I pleaſed, I might ſave 
myſelf the trouble of the intended trial, for, with a tin veſſcl, very little differing from 


that I deſcribed unto him, he had had the curioſity, near the ſtraight of Gibrallar's 
mouth (where he had occaſion to ſtay a good while) to fetch up ſea-water from the. 
depth of about ſorty fathoms, and found it to be as ſalt in taſte as the water near the 


lurface. 


Tuksz obſervations may ſuffice to ſhew that the ſea is ſalt at the bottom in thoſe 


places where they were made; but yer | thought it was not fit for me to acquieice in. 
them, but rather endeavour to ſatisty myſelf, by the beſt trial 1 could procure to be made; 
wita my copper veſſel (as more fti ong and fit than a tin one) what {a'tnels is to be found 
in the water at the bottom of our ſcas, not only, becaule it may more concern us to 
ow, that, but chiefly, becauſe, though I deny not, that in the foregoing e 
he 
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the taſte may ſufficiently prove, that the ſea is ſalt at the bottom as well as the top, yet 
I thought the taſte, by reaſon of the prediſpoſitions and other unheeded affections it is 
liable unto, no certain way to judge, whether the top and the bottom be as ſalt one as 
the other. Wherefore, 1 thought it would be more ſatisfactory to examine the ſea-water 
by weight, than by taſte; and in order thereunto, having delivered the above-mentioned 
inſtrument to the engineer I lately ſpake of, when he was going to ſea, he ſent me, 
together with it, a couple of bottles of ſea-water, taken up, the one at the top, and the 
other at the bottom, at fifteen fathoms deep. The colour and ſmell of theſe two waters 
were ſome what differing; but when I examined them hydroſtatically, by weighing a 
roll of brimſlone firſt in one, and then in the other, I ſcarce found any ſenſible difference 
at all in their ſpecifick gravities. So that if the degree of the ſaltneſs of ſea-water may 
be ſafely determined by its greater or leſſer weight, then ſo far forth as this ſingle expe. 
riment informed me, the ſaltneſs is equal at the top and bottom of the ſea; I ſaid, if 
the degree, &c. becauſe of what I ſhall hereafter take notice of about ſalts of leſs ſpeci- 
fick gravity than ſea- ſalt. 


F 


Ir follows now that I make out what I formerly intimated, that though ir were granted, 
that near Goa, and perhaps in ſome other places, the divers may have found the water 
freſh at the bottom of the ſea, it would not therefore neceſſarily follow, that the ſea- 
water, generally ſpeaking, is freſh at the bottom ; for the obſervations lately mentioned 
ſufficiently manifeſt the contrary ; and as to thoſe very few places (if really there have 
been any) where the ſea water has been found freſh at the very bottom, I think one 
may aſcribe the taſte of the water to the bubbling up of ſprings of freſh: water at or near 
enough to thoſe very places. I know this may appear a paradox, fince it may ſeem al- 
together unlikely, that ſo ſmall a ſtream of water, as can be afforded by a ſpring, ſhould 
be able to force its way up in ſpite of the reſiſtance of ſo vaſt a weight as that of the 
ſuper-incumbent ſea- water, eſpecially ſince this liquor, by reaſon of its ſaltneſs, is heavier 
in ſpecie than freſh water. 

Bur this objection needs not oblige me to forſake my conjecture; for whatever moſt 
men believe, and even learned men have taught, to the contrary, it matters not how 
great the quantity of liquor be, which is laterally higher than the lower orifice of the 
pipe, or channel, that gives paſſage to the liquor that is to be impelled up into it; pro- 
vided the upper ſurface of the liquor in the channel or pipe have a ſufficient perpendicular 
height in reference to that of the ſtagnant water; for no more of all this fluid will hinder 
irs aſcent than the weight of ſuch a pillar of the ſaid fluid, as is directly ſuper - incum- 
bent on it. * Stevinus, and I, have, by differing ways, particularly proved, that, ac- 
cording to the laws of the true hydroſtaticks, the prevalency of the two liquors that prels 
againſt each other, is not to be determined according to the quantity of them, but to be 
adjudged to that which exceeds the other in perpendicular height; ſo that, conſidering 
the channel wherein a ſpring runs into the ſea, as a long and inverted ſiphon, if that 
part of the either neighbouring, or more diſtant ſhore, whence the ſpring, or river, takes 


its courſe, be a neighbouring hill, or rock, or any other place conſiderably higher than 


that part of the bottom of the ſea, or of the ſhore covered with the ſurface of the ſea, at 


Vid. Stevinum, Prop. 1e. Lib, IV. Statices. And ſee the Author's Hydroſtatical Paradoxes. hich 
hic 
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which the channel which conveys freſh water terminates, that liquor will iſſue out in ſpite 
of the reſiſtance of the ocean. | 

To illuſtrate at once, and prove this paradox, I thought _ the following experi- 
ment. I took a veſſel of a convenient depth, and a ſiphon of a proportionable length, 
both of them of glaſs, that their tranſparency might permit us to ſee all that paſſed 
within them. Into the larger veſſel we put a quantity of ſea-water, and into the longer 
leg of the ſiphon, which had been for that purpoſe inverted, we poured a convenient 
quantity of freſh water, which we kept from running out at the ſhorter leg, by ſtopping 
the orifice of the longer with the thumb or finger; then this ſiphon being ſo placed in 
the greater veſſel, that the orifice of the ſhorter leg was a great deal beneath th- ſurface 
of the ſait water, and the ſuperficies of the freſh water in the longer leg was a pretty deal 
higher than that of the ſurrounding ſalt water, we unſt pped the orifice of the upper leg, 
whereby the water in the ſiphon, tending to reduce itſelt to an æquilibrium or «quality of 
height, in both legs, the water in the upper leg being much higher and heavier than 
that in the other, did, by ſubſiding, drive away the water in the ſhorter leg, and make 
it ſpring out at the orifice of the ſhorter leg, in ſpite of the breadth and ſpecifick gravity 
of the ſalt water. And this impelling upwards of the freſh water laſted as long as the 
ſurface of that water, in the longer leg, retained its due height above that of the ſurround- 
ing ſca-water z which circumſtance I expreſsly mention, becauſe there being a difference 
amounting to between a fortieth and fiftieth part, betwixt the ſpecifick gravity of our 
ſea-water and common freſh water, by reaſon of the ſalt, which makes the former the 
heavier, the freſh water in the Jonger leg of the ſiphon ought to be between a fortieth 
and fiftieth part higher than the ſurface of the ſea- water, to maintain the æquilibrium 
betwixt theſe two liquors. | 

To make the fore mentioned experiment the more viſible, I thought fit to perform it 
with freſh water tinged with brafil or logwood ; but that it might not be objected, that 
thereby the ſpecifick gravity of the liquor would be altered or increaſed, I afterwards choſe 
to make it with claret-wine, which being a liquor lighter than common water, and of a 
conſpicuous colour, is very convenient for our purpoſe. 

And when 1 made this trial, by placing the orifice of the ſhorter leg at a convenient 
diſtance below the ſurface of the ſea- water, it was not unpleaſant to obſerve, how, upon 
the removal of the finger that ſtopped the orifice of the longer leg, the quick deſcent of 
the wine contained in that leg impelled the coloured liquor in the ſhorter leg, and made 
it ſpring up, at its orifice, into the incumbent ſea- water, in the form of little red clouds, 
and ſometimes of very flender ſtreams. And as this ſhorter leg of the ſiphon was raiſed 
more and more towards the furface of the water, ſo there iſſued out more and more 
wine at the orifice of it; the liquor in the longer leg proportionably ſubſiding, but yet 


continuing manifeſtly higher than the ſurlace of the ſalt water, than which it was in ſpecie 
much lighter, | 


Bur heie I muſt give an advertiſement to prevent a miſtake; for if the ſiphon be 
not excecding (lender, after the wine in the longer leg is fallen down to its due ſtation, a 
hee ful obſerver may perceive, after a while, that though the ſiphon be kept in the ſame 
place, there will iſſue out of the ſhorter leg a little red ſtream, which proceeds not from 
the former impulſe of the wine in the longer leg, but from the ingreſs of the ſea-water, 
Which being much heavier in ſpecie than wine, ſinks into the cavity of the Gphon, and 
as It comes in on one fide, thruſts up as much wine on the other fide of the ſame ca- 
vity. Bur the red liquor that aſcends on this account may be diſcerned to do ſo, by its 
riſing more ſlowly, and after another manner than that which is impelled up by the ſudden 
fall of the tall cylinder of wine in the longer leg. f 
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S to the cauſe of the ſaltneſs of the ſea, I therein agree with the learned Gaſſendus 
and ſome other modern writers, that the ſea derives its ſaltneſs from the ſalt that is 
diſſolved in it; but I take that ſaltneſs to be ſupplied, not only from rocks and other 
maſſes of ſalt, which at the beginning were, or in ſome places may yet be found, either 
at the bottom of the ſea, or at the ſides, where the water can reach them, but alſo (to 
ſay nothing here of what may, perhaps, be contributed by ſubterraneal ſteams) from the 
ſalt, which the rains, rivers, and other waters diſſolve in their paſſage through divers 
ts of the earth, and at length carry along with them into the fea. For not only it is 
manifeſt enough that ſeveral countries afford divers ſalt ſprings, and other running waters, 
that at length terminate their courſe in che ſea ; but 1 have ſometimes ſuſpected, that 
very frequently the earth itſelf is impregnated with corpuſcles, or, at leaſt, rudiments 
of common ſalt, though no ſuch thing be vulgarly taken notice of. Which ſuſpicion 
may be confirmed (to. omit what I have elſewhere delivered on another occaſion) partly 
by the obſervation of ſome eminent chymiſts, who affirm themſelves to have found a not 
inconſiderable quantity of exceeding ſaline liquor upon the evaporation of large quantities 
of ſome waters (for in fome others I could not find it) and principally by the quantity of 
common ſalt that is uſually found in the refining of ſaltpetre; though that be a ſalt, which 
Sir Francis Bacon, and other experienced writers teach, that almoſt every fat earth, kept 
from the ſun and rain, and from ſpending itſelf in vegetation, will afford. oy | 
Bur having, on another occaſion, ſufficiently ſhewed , that the earth does abound 
with common ſalt, in many more places than are wont to be taken notice of; and that 
it is probable, that by maturation, or otherwiſe, ſalt may daily grow in the earth, it will 
not be neceſſary to add, in this place, any thing to what I have faid already, to prove that 
our common terreſtrial ſalt, being diſſolved, may ſuffice to make the ſea-water brackiſh ; 
and the rather, if we call to mind what has been formerly ſaid about the poſſibility of 
ſprings riſing beneath the ſurface of the ſea, and of lumps of ſalt that were taken up by 
divers, undiſſolved, at the bottom of the ſea ; the ocean may receive ſupplies of ſalt from 
rocks and ſprings latent in its own boſom, and unſeen even by philoſophers. And this 
may be one reaſon, I conceive (for I deny not but that there may be others, as the very 
unequal heat of the ſun, &c.) why ſome ſeas are ſo much ſalter than others, or, at leaſt, 
why in ſome places the ſea-water may be much ſalter than in others. 1 
Anp as we have ſeen that our common terreſtrial ſalt may be copiouſly enough com- 
municated to the ſea, to impregnate it with as much ſaltneſs as we obſerve it to have; 
ſo I do not ſee that the difference between that ſalt and ſea - ſalt is ſo great, but that it 
may well be ſuppoſed to be derived from thoſe changes that the terreſtrial ſalt may be 
liable to, when it comes into the ſea, For that the marine falt, and the terreſtrial do 
very well agree in the main things, may be argued from the reſemblance both in ſhape, 
taſte, &c. that may be obſerved between the grains that will be produced, if we expoſe 
each of them in a diſtin& glaſs to ſuch a heat, as may ſlowly carry off the ſuperfluous 
moiſture, and ſuffer them to coagulate into cubical, or almoſt cubical grains; and the 
leſſer differences that may be met with between theſe two ſalts, may well enough be 
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ſuppoſed producible by the plenty of nitrous, urinous, and other ſaline, to which, in 
| ſome places, may be added bituminous bodies, that by land- floods, and otherwiſe, are 
from time to time carried into the ſea, and by ſeveral things that happen to; it there, 
eſpecially by the various agitation it is put into by tides, winds, currents, & c. and 
(which I would by no means omit) by its being in vaſt quantities expoſed to the ſun and 
Alx. . 
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We may juſtly be the more careful, to determine whether the ſaltneſs of the ſea-water 
proceed from common ſalt diſſolved in it, becauſe if it appeared to be ſo, we might the 
more hopefully attempt to obtain by diſtillation ſweet water from ſea water; ſince, if 
this liquor be made by the bare diſſolution of common ſalt in the other, it is probable that 
a ſeparation may be made of them, by ſuch a heat, as will eaſily raiſe the aqueous parts 
of ſea water, without raiſing the ſaline, whoſe diſtillation requires a vehement heat, as 
chymiſts well know to their coſt. And ſuch a method of | ſeparating freſh water from 
that which was ſalt, would make our doctrine of uſe, and be very beneficial. to; naviga- 
tien, and conſequently to mankind. For, in long voyages, it is but too common for 
the makers of them, to be liable to hazards and inconvenieacies, for want of freſh-and 
ſweet water, whereby they are ſometimes forced to drink, corrupt brackiſh, water, which 
gives them divers diſeaſes, as particularly the ſcurvy, and the uſual effect of drinking 
ſalt water, the dropſy. And ſeamen are wont to receive ſo many other incommodities 
by the want of freſh water, that, to prevent or ſupply it, they are oftentimes forced to 
change their courſe, and fail ſome hundreds of miles to a coaſt, not only out of their 
way, but unſafe in itſelf, and perhaps more dangerous, by being infeſted by pirates, or 
in the hands of enemies or ſavage people; by which means, they often loſe the benefit 
of their Monſoons, and much more eaſily other winds, and frequently their voyage. 
And theſe are inconveniencies which might be in good meaſure prevented, if potable, 
and at leaſt tolerably wholeſome water could be obtained by diſtillation, in the midſt of 
the ſea itſelf, to ſerve the ſeamen, till they could be ſupplied with naturally freſh water. 
To make ſome trials of this, I remember I took ſome Engliſh ſea-water, whence I was 
able to ſeparate betwixt a thirtieth and fortieth part of dry ſalt; and having diſtilled it in 
a glaſs head and body, with a moderate fire, till a conſiderable portion of it was drawn 
over, we could not diſcern any ſaltneſs in it by the taſte ; and beſides that I found it 
ſpecifically lighter than ſuch water as is daily drank by perſons of quality at London, I 
expoſed it to more chymical examen, and did not by that find any thing of ſea- ſalt in it, 
though I have at ſeveral times, by the ſame way, manifeſtly diſcovered a ſaltneſs in in- 
land waters that are drank obviouſly for {weet waters. If I would have emploved a 
ſtronger heat, and veſſels larger and lower, or otherwiſe better contrived for copious 
diſtillation, I might in a ſhorter time have obtained much more diſtilled water z but whe- 
ther ſuch liquors will be altogether ſo wholeſome, experience mult determine. Yet that 
ſea- water diſtilled even in no very artificial way, may be ſo far wholeſome, as not in 
haſte to be ſenſibly noxious, but at a pinch uſeful, at leaſt for a while, may be gathered 
from (what occurs to me ſince the writing of the laſt paper) the teſtimony of that fa- 
mous navigator Sir R. Hawkins, who commanded a fleet in the Indies for Queen Eli- 
Zabeth, For he, in the judicious account he gave the world of his voyage, wherein 
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Obſervations and Experiments 
Tu: SECOND SECTION 


CHAP 1 


S to the cauſe of the ſaltneſs of the ſea, I therein agree with the learned Gaſſendus 
and ſome other modern writers, that the ſea derives its ſaltneſs from the ſalt that is 
diſſolved in it; but I take that ſaltneſs to be ſupplied, not only from rocks and other 
maſſes of ſalt, which at the beginning were, or in ſome places may yet be found, either 
at the bottom of the ſea, or at the ſides, where the water can reach them, but alſo (to 
ſay nothing here of what may, perhaps, be contributed by ſubterraneal ſteams) from the 
falt, which the rains, rivers, and other waters diſſolve in their paſſage through divers 
ts of the earth, and at length carry along with them into the fea. For not only it is 
manifeſt enough that ſeveral countries afford divers ſalt ſprings, and other running waters, 
that at length terminate their courſe in che ſea ; but 1 have ſometimes ſuſpected, that 
very frequently the earth itſelf is impregnated with corpuſcles, or, at leaſt, rudiments 
of common ſalt, though no ſuch thing be vulgarly taken notice of. Which ſuſpicion 
may be confirmed (to. omit what I have elſewhere delivered on another occaſion) partly 
by the obſervation of ſome eminent chymiſts, who affirm themſelves to have found a not 
inconſiderable quantity of exceeding ſaline liquor upon the evaporation of large quantities 
of ſome waters (for in fome others I could not find it) and principally by the quantity of 
common ſalt that is uſually found in the refining of ſaltpetre; though that be a ſalt, which 
Sir Francis Bacon, and other experienced writers teach, that almoſt every fat earth, kept 
from the ſun and rain, and from ſpending itſelf in vegetation, will afford. © | 
Bor having, on another occaſion, ſufficiently ſhewed , that the earth does abound 
with common ſalt, in many more places than are wont to be taken notice of; and that 
it is probable, that by maturation, or otherwiſe, ſalt may daily grow in the earth, it will 
not be neceſſary to add, in this place, any thing to what I have ſaid already, to prove that 
our common terreſtrial ſalt, being diſſolved, may ſuffice to make the ſea- water brackiſh ; 
and the rather, if we call to mind what has been formerly ſaid about the poſſibility of 
ſprings riſing beneath the ſurface of the ſea, and of lumps of ſalt that were taken up by 
divers, undiſſolved, at the bottom of the ſea ; the ocean may receive ſupplies of ſalt from 
rocks and ſprings latent in its own boſom, and unſeen even by philoſophers. And this 
may be one reaſon, I conceive (for I deny not but that there may be others, as the very 
unequal heat of the ſun, &c.) why ſome ſeas are ſo much ſalter than others, or, at leaſt, 
why in ſome places the ſea- water may be much ſalter than in others. Os 
AnD as we have ſeen that our common terreſtrial ſalt may be copiouſly enough com- 
municated to the ſea, to impregnate it with as much ſaltneſs as we obſerve it to have; 
ſo I do not ſee that the difference between that ſalt and ſea- ſalt is ſo great, but that it 
may well be ſuppoſed to be derived from thoſe changes that the terreſtrial ſalt may be 
liable to, when it comes into the ſea, For that the marine falt, and the terreſtrial do 
very well agree in the main things, may be argued from the reſemblance both in ſhape, 
raſte, &c. that may be obſerved between the grains that will be produced, if we expoſe 
each of them in a diſtinct glaſs to ſuch a heat, as may ſlowly carry off the ſuperfluous 
moiſture, and ſuffer them to coagulate into cubical, or almoſt cubical grains; and the 
leſſer differences that may be met with between theſe two ſalts, may well enough be 


+ In a Tract of Subterraneal Menſtruums. 
ſuppoſed 


about the Saltneſs of the Sea. 


ſuppoſed producible by the plenty of nitrous, urinous, and other ſaline, to which, in 
ſome places, may be added bituminous bodies, that by, land- floods, and otherwiſe, are 
from time to time carried into the ſea, and by ſeveral, things that happen to it there, 
eſpecially by the various agitation it is put into by tides, winds, currents, & c. and 
(which I would by no means omit) by its being in vaſt quantities expoſed to the ſun and 
air. 


H. A; P. J. 


We may juſtly be the more careful. to determine whether the ſaltneſs of the ſea- water 
proceed from common ſalt diſſolved in it, becauſe if it appeared to be ſo, we might the 
more hopefully attempt to obtain by diſtillation ſweet water from ſea water; ſince, if 
this liquor be made by the bare diſſolution of common ſalt in the other, it is probable that 
a ſeparation may be made of them, by ſuch a heat, as will eaſily raiſe the aqueous parts 
of ſea water, without raiſing the ſaline, whoſe diſtillation requires a vehement heat, as 
chymiſts well know to their coſt. And ſuch a method of ſeparating freſh water from 
that which was falt, would make our doctrine of uſe, and be very beneficial to, naviga- 
ti-n, and conſequently to mankind. For, in long voyages, it is but too common for 
the makers of them, to be liable to hazards and inconveniencies, for want of freſh-and 
ſweet water, whereby they are ſometimes forced to drink, corrupt brackiſh, water, which 
gives them divers diſeaſes, as particularly the ſcurvy, and the uſual effect of drinking 
ſalt water, the dropſy. And ſeamen are wont to receive ſo many other incommodities 
by the want of freſh water, that, to prevent or ſupply it, they are oftentimes forced to 
change their courſe, and fail ſome hundreds of miles to a coaſt, not only out of their 
way, but unſafe in itſelf, and perhaps more dangerous, by being infeſted by pirates, or 
in the hands of enemies or ſavage people; by which means, they often loſe the benefit 
of their Monſoons, and much more ealily other winds, and frequently their voyage. 
And theſe are inconveniencies which might be in good meaſure prevented, if *pctable, 
and at leaſt tolerably wholeſome water could be obtained by diſtillation, in the midſt of 


the ſea itſelf, to ſerve the ſeamen, till they could be ſupplied with naturally freſh water. 


To make ſome trials of this, I remember I took ſome Engliſh ſea- water, whence I was 
able to ſeparate betwixt a thirtieth and fortieth part of dry ſalt; and having diſtilled it in 
a glaſs head and body, with a moderate fire, till a conſiderable portion of it was drawn 
over, we could not diſcern any ſaltneſs in it by the taſte ; and beſides that I found it 
ſpecifically lighter than ſuch water as is daily drank by perſons of quality at London, I 
expoſed it to more chymical examen, and did not by that find any thing of lea-falt in it, 
though I have at ſeveral times, by the ſame way, manifeſtly diſcovered a ſaltneſs in in- 
land waters that are drank obviouſly for ſweet waters. If I would have emploved a 
ſtronger heat, and veſſels larger and lower, or otherwiſe better contrived for copious 
diſtillation, I might in a ſhorter time have obtained much more diſtilled water; but whe- 
ther ſuch liquors will be altogether ſo wholeſome, experience muſt determine. Yet that 
lea-water diſtilled even in no very artificial way, may be ſo far wholeſome, as not in 
haite to be ſenſibly noxious, but at a pinch uſeful, at leaſt for a while, may be gathered 
from (what occurs to me ſince the writing of the laſt paper) the teſtimony of that fa- 
mous navigator Sir R. Hawkins, who commanded a fleet in the Indies for Queen Eli- 
zabeth, For he, in the judicious account he gave the world of his voyage, wherein 
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they were diſtreſſed, even in the admiral's ſhip; for want of freſh water, has this me. 
morable paſſage, as I find it verbatim in our dißgent Purchas * | 


Obſervations and Experiments 


: , n 


* ALTHOUGH our freſh water had failed us many days (before we ſa the ſhore) b 
4 reaſon of our long navigation without touching any land, and the exceſſive drinki 4 
« of the ſick and diſcaſed-(which coed: not be excuſed); yet with an invention 1 had 
* in my ſhip, I eaſily drew out of the water of the ſea fffcient uantity of freſh water 
© to ſuſtain my people, with little expence of fuel; for with four billets J ſtilled a 
© hogſhead of water, and therewith dreſſed meat for the ſick and whole. The water ſo 
« diſtilled we found to be wholefome and nouriſhing.“ 

And becauſe the potableneſs of ſea-water may concern the healths and lives of men, 1 


' ſhall here add to what I elſewhere deliver about my ways of examining, whether other 


waters participate of ſalt, two or three obſervations I made upon thoſe few diſtilled liquors 


I had occafion to draw from ſea-water. Having then, upon ſome of the diſtilled liquor, 
dropped a little oil of tartar per deliquium, 1 perceived no clouds at all, or precipitation 
to be made; whereas a ſmall proportion of that liquor being dropped into the undiſtilled 


ſea-water itſelf, it would preſently trouble and make it opacous, and, though but ſlowly, 
ſtrike down a conſiderable deal of a whitiſh ſubſtance (which, of what nature it is, I 
need not here declare); I found alſo, that a very ſmall proportion of an urinous ſpirit, 


ſuch as that of ſal armoniac, would produce a whitiſh and curled ſubſtance (but not near 


ſo copious a one as the other liquor) in ſea-water, not yet expoſed to diſtillation, but not 
in the liquor drawn from it; which argued, that there were but few or no ſaline particles 
of ſea-falt: aſcended with the water; for elſe theſe alkalizate and urinous falts would in 
all likelihood have found them out, and had a viſible operation on them. And I farther 
remember, that when the diſtillation was made in glaſs veſſels, with an eaſy fire, not 


only the firſt running, but the liquor that came over afterwards, was not perceived to 


be brackiſh, but good and potable. To which agrees very well, that by a hydroſtatical 
trial I found our diftilled fea-water to be lighter in ſpecie than common conduit-water, 
though it exceeded that in ſpecifick levity, leſs than it was ſurpaſſed in the ſame quality: 
by diſtilled rain- water. Ps 


gur to return to the ſubject, whence we have ſomewhat, but, I hope, not uſeleſly 


digreſſed ; I know it may be objected, that if the terreſtrial ſalts carried by ſprings, rivers, 


and land floods into the fea, were the cauſe of its ſaline taſte, thoſe waters themſelves. 
muft be made ſalt by it, before they arrive at the ſea. But beſides that this objection 
will not reach the ſprings and rivers of ſalt water, that in ſeveral places, either imme- 
diately or mediately, diſcharge themfelves into the ſea; it might conclude againſt him, 
that ſhould affirm this imported ſaltneſs to be the only cauſe of that of the ſea; but it 


will not be of force againſt me, who take it to be only a partial cauſe, that by its acceſ- 


fion contributes to the degree of ſaltneſs we obſerve in the ſea, where this imported ſalt 
may join itſelf with the ſalt it finds there already, and being detained by it contribute to 
the brinyneſs of the water. | | 

Ir it be urged, that from hence it will follow, that the ſea from time to time increaſes 
in ſaltneſs, I may ſuſpend my anſwer till it appear by competent obſervation, that it does 
not; which, I think, men have not yet made trials that may warrant them to aſſert. 
And if the matter of fact were certain, I think it were poſſible to give a farther anſwer, 
and ſhew probable ways, how ſo ſmall an acceſſion of falt may be diſperſed by nature, 
and kept from increaling too much. | 


„ ln lib, VII. p. 1378. 0f Purchas, out of Sir R. Hawkins's voyage. 


CHAP. 


about the Saltneſs of the Sea. 


C H A P. III. 


BuT now it is ſeaſonable to conſider, that the taſte of ſea-water is not ſuch a ſimple- 
ſaline taſte as ſpring-water, would receive from ſal gem, or ſome other pure terreſtrial 
ſalt diſſolved in it, but a bitteriſh taſte, that muſt be derived from ſome peculiar cauſe, 
that authors are not wont to take notice of. I am not aſſured by any obſervations of 
my own, that this receſſion, from a purely ſaline taſte, is likely to be of the very ſame 
kind, and to be equally, or very near equally met with in all ſeas (not to add a doubr,. 
whether it be at all ſenſible in ſome). The cauſe both of the bitterneſs, and ſaltneſs 
too, of the ſea- water, is ſaid to be affirmed by the learned Mr. Lidyat, to be aduſt and bi- 
tuminous exhalations aſcending out of the earth into the ſea, But that there is abundance 
of actual ſalt in the ſea-water, to give it its ſaline taſte and ponderouſneſs, the ſalt that 
the ſun does in many places copioully ſeparate from the ſaltleſs wateriſh parts, ſufficiently 
manifeſts. But as to the bitteriſh taſte, I think it no eaſy matter to give a true account 
of it, but am prone to aſcribe it, partly, to the operation of ſome catholick agents upon 
that vaſt body of the ocean, and partly, to the alteration that the ſalt receives from the 
mixture of ſome other things, among which bitumen may be one of the principal. 

Bur though I have, in another “ paper ſhewn, that in ſome places of the ſea there 
are conſiderable quantities of bitumen, or bituminous matter to be met with; yet I dare 
not derive the bitter neſs of the ſea only from bituminous exhalations, but in good part, 
at leaſt in ſome places, from the liquid and other bitumen that is imported by ſprings 
and other waters into the ſea; of which we have an eminent inſtance in that which 
our Engliſh call Barbadoes tar, according to the relation I had of ir from an inquititve 
gentleman, who is one of the chief planters of the iſland, and took pleaſure to ober 
this liquid bitumen to be carried in conſiderable quantities from the rocks into the ſea 
and I think it poſſible enough, that ſome of the ſprings that riſe under the ſurface of the 
ſea, may carry up with them bituminous matter, which may help to make the ſaltneſs of 
the ſea degenerate (of which more perhaps elſewhere) as I not long ſince made mention 
of ſprings, as well of hot, as cold water, riſing beneath the ſurface of the fea, An this 
minds me to intimate here, that | have ſuſpected, that in ſome places the ſulphurcous 
exhalations, and other emiſſions from the ſubmarine parts of the earth, may ſometimes 

contribute to change the ſaline taſte of the ſca-water ; for I have elſewhere related, how. 
not only {ulphurous ſteams, but ſometimes actual flames, have broken through ſrom 
the lower parts of the fea to the uppermoſt; and have ſometimes taken pleaſure to make, 
by art, a rude imitation of that phænomenon. And partly ſome experiments of my 
own, and partly ſome other inducements, have perſuaded me, that divers times (for 1 
do not ſay always) ſea- ſalt does not oↄſcurely participate of combult.ble ſulpaur, of which 
I may ſpeak farther on another occaſion. But in regard, that the taſte of the ſea-water 
is not in all parts of the ocean uniform, it may here ſuffice to take notice, in general, 
that this difference of taſte may partly be cauled by adventitious bodies of ſeveral kinds, 
of which it is probable, that in differing places the ſca-· water does variouſly partake. And- 
not to mention here the fragrant ſmell of violets, which has, by ſeveral, and particularly 
by an eminent perſon, of whom J enquired about it, been obſerved, in ſome hot coun- 
tries, to proceed from ſea-ſalt; I have divers other inducements to think that it is uſually: 
no imple (alt, nor free from mixture, For by more ways than one, and particuia:ly by. 
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Obſervations and Experiments 


cohobating from it its own ſpirit, we have obtained a dry ſublimate, which ſeemed to he 
no pure but a compounded body. 

AnD now to come to that, which I intimated might be one of the cauſes why the 
taſte of ſea-water is not the ſame with that of common ſalt diſſolved in freſh water; 1 
ſhall add, that I have ſuſpeRed, that the various motion of the ſea, and its being expoſed 
to the action of the air and ſun, may contribute to give it a taſte other than ſaſine; 
which ſuſpicion might be confirmed by the obſervation I elſewhere mention of the ſea ſal, 
which, by barely being expoſed for many months to the air, and ſometimes, perhaps, 
put into a gentle agitation by a digeſtive heat, I found to have a very maniteſtly differing 
taſte from the ſimple ſolution of ſea-falt in common water. | Pl JO ory 

I micaT here endeavour the farther confirmation of my diſcourſe, by what I have 
learned by inquiry from navigators, about the maniteſtly differing colours and other qua- 
lities, of the d.ffering parts of the fea, which ſeem to argue that it is not every where of 
ſuch a uniform ſubſtance as men vulgarly imagined, and that vaſt tracts of it are imbued 
with ſtupendous multitudes of adventitious corpuſcles, which, by ſeveral ways diverſify- 
ing its parts, keep it from being a fimple ſolution of ſalt. But of this ſubject I have not 
leiſure to diſcourſe here; only becauſe it is generally thought, that the ſea- water is, by 
reaſon of the ſaltneſs it abounds with, uncapable of putretaQtion, I will add, that having 
kept a pretty quantity of ſea-water, that I had cauſed to be purpoſely taken up between 
the Engliſh and French ſhores, in a good new rundlet, in a place where the fummer-ſun 


beat freely upon i, it did, in a few weeks, acquire a ſtrongly ſtinking ſmell ; though 


that the experiment had been more ſatisfactory, I wiſhed that it had been wade 
11 a veſſel of glaſs, or earth, inſtead of wood. But a much better obſervation 
1 procured from a much eſteemed navigator of my acquaintance, who havin 
ſailed often in the Indian and African ſeas, I inquired of him, whether he had 
ever, in thoſe hot climates, where the ſea is ſuppoſed to be very ſalt, obſerved it 
to ſtink, for want of agitation, or otherwiſe z to which he anſwered, that once being, 
though it was but in March, becalmed, in a place he named to me, for twelve or four- 
teen days, the ſea, for want of motion, and by reafon of the heat, began to ſtink, in- 
ſomuch that he thinks, if the calm had continued much longer, the ſtench would have 
poiſoned him: they were freed from it as ſoon as the wind began to agitate the water, 
and broke the ſuperficies, which alſo drove away ſtore of the ſea-tortoiſes, and a ſort of 
fiſh, whoſe Engliſh name I know nor, that before lay baſking themſelves on the top of 
the water, Fe SY, | bh 5 
AnD to this agrees very well the notable obſervation that I ſince met with, of the elſe- 
where commended Sir R. Hawkins, who, among other conſiderable things he takes 
notice of in his relations, has this paſſage, to our preſent purpoſe. * ©* Were it not 
for the moving of the ſea by the force of winds, tides, and currents, it would corrupt 
« all the world. The experience I ſaw, anno 1590, lying with a fleet about the iſlands 
of Azores, almoſt ſix months, the greateſt part of the time we were becalmed ; with 
which all the ſea became fo repleniſhed with ſeveral ſorts of gellies, and forms of ſer- 
pents, adders, and ſnakes, as ſeemed wonderful, ſome green, ſome black, fome yel- 
low, ſome white, ſome of divers colours, and many of them had life; and ſome 
& there were a yard and a half, and two yards long; which, had I not ſeen, 1 could 
* hardly have believed. And hereof are witneſſes all the company of the ſhips, which 
« were then preſent, ſo that hardly a man could draw a bucket of water clear of ſome 


* Purcha;'s Pilgrims in Sir R. Haaulins's Obſervations, 


cor- 


about the Saltnef; of the Sea. 


« corruption. In which voyage, towards the end thereof, many of every ſhip fell ſick 


« of this diſeaſe, and began to die apace, but that the 7 4 paſſage into our country 
« was a remedy to the crazed, and a preſervative for thofe that were not touched.“ 


Tus THIRD SECTION. 


CM AP. EL 


AS for the various degrees of the faltneſs of the ſea, authors are wont to be ſilent of 

it, fave that ſome navigators tell us, that they. obſerved ſome ſeas to have a more, 
and others a leſs ſaline taſte z which, you will caſily. believe, has not afforded me much 
ſatisfaction. And, on the other fide, my want of opportunity to make trials myſelf will 
confine me to acquaint you with no more than the few following obſervations. 

1. To a learned man that was to fail to places of differing latitudes in the Torrid 
Zone, I deliyered a glaſs inſtrument, elſewhere deſcribed, fitted by the greater or leſſer 
emerſion of the upper part, to ſhew, accurately enough for uſe, the greater or leſs ſpe- 
cifick gravity of the ſalt- water it was put to ſwim in. This he put, from time to time, 
into the ſea-water, as he failed towards the Indies, whence he wrote me word, That 
ehe found, by the glaſs, the ſea-water to increaſe in weight, the nearer he came to the 


« Line, till he arrived at a certain degree of latitude, as he remembers, it was about the 


« thirtieth z after which, the water ſeemed to retain the ſame ſpecifick gravity, till he 
came to the Barbadoes or Jamaica.” | 


2. ANOTHER obſervation I obtained by inquiry of an ingenious perſon, and a ſcholar, 


at his return out of the Ea/t-Indies, who affirmed to me, that he, and a gentleman of m 
acquaintance, took up bottles full of ſea-water, both under the Equinoctial, and alſo 
off the Cape of Good Hope, which lies in about thirty- four degrees of ſouthern latitude, 
and found the waters of theſe diſtant parts of the ocean to be of the ſame weight. And 
though it may well be doubted, whether this obſervation, being made with ordinary. 
bottles, were ſo exact as could be wiſhed; yet the perſons being curious, and making it 
for their own ſatisfaction; and my relator having, in both the recited places, filled with 
the ſea- water he took up, and weighed ; having, I fay, filled the ſame bottles, ſince this 
veſſel held two quarts (which muſt be above four pounds. of ſalt water) if the diſparity of 
weight had been conſiderable, it would, in likelihood, have been found, at leaſt mani- 
feſtly ſenſible, in ſuch a weight of liquor. | | 

3. EnqQu1srinG of an obſerving perſon, that had been at Moſambique, which is thought 
to be one of the hotteſt places in the world, whether he did not there find the ſea to be 
more than ordinarily ſalt? he anſwered me, that coming thither in a great carack, when. 
he came back from the town to the ſhip, he obſerved near two hands breadth of the veſ- 
ſel to be above the ordinary part to which it uſed to fink; inſomuch, that he took notice 
of it to the captain, as fearing that part of the lading had been by ſtealth carried to the 
ſhore; but the pilot, who had made thirteen or fourteen voyages to the Indies, aſſured: 
him, what he had obſerved about the ſhip was not unuſual in.that place, where the taſte 
itſelf diſcovered the water to be exceeding ſalt. 1 

OR 
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nated with ſalt than ours; for water will naturally diſſolve, and retain a far greater 


Ob/ervations and Experiments 
Nox need we ſcruple to think, that ſome ſea-waters may be very much more impreg. 
—4 
rtion of ſalt, than that which 3 commonly met with in the ſea. For whereas a = 
ry-fifth, or thuticth, or at moſt a twenty-fich part of ſalt, will make water more ſaline 
than is tound in many ſeas, I am, by a friend of mire, that is maſter of a ſalt-work, 
informed, that the water of his : prings afford him a twelfth part of good white ſalt, and 
that another ſpring, not far off, yields no leis than an eighth part. Io which (to avoid 
anticipztion) I thall not here add, what I ſhall hercafter have occaſion to ſay of the fulleſt 
impregnation of water with common falt. 

[Wurst I was reviewing theſe papers, there came ſeaſonably to my hands a letter 
written from Mufi/apatan, on the gulf of Bengala in the Eq/i- Indies, by an ingenious 
gentieman, Sir William Langhorn, that is entruſted with the care of the Engliſh facto- 
ries in thoſe parts; out of which letter the following . paſſage is verbatim tranſcribed, 
„ did, in order to your command, cauſe ſome water to be ſaved under the Line, at 
„ our firſt acceſs to it, intending, for want of good icales and weights (being none to 
«© be come at aboard the ſhip) to have kept it, until it could be weighed, but by the 
4 forgetfulnels of a ſervant, it was thrown away. Off the Cape, in 37d. oo m. ſouthern 
„ latitude, I ſaved ſome again, and, through the ſame want of weights, was fain to 
« ker p it, until I came to the Line again; and then made the beſt ſhift I could for 
* weights, and compared it with the water there, filling the ſame bottle again to the 
„ ſame height by a mark, and found it exactly the fame weight. The weight I have 
te taken; but accounting this a journey of buſineſs, left thoie notes, and moſt of the 
like nature, behind me; in my next it ſhall be inferted.”* | 


G-.-H.-4 . 


Ir remains now, that, according to my promiſe, I ſet down what I obſerved myſelf 
concerning the ſaltneſs of our ſea between England and France; nor in compariſon with 
the ſaltneſs of other ſeas, whoſe waters I had not to compare with, but as to the pro- 
portion of ſalt contained in it to the water. And though one would think it very eaſy 
to make trials of this ſort, for a perſon not unacquainted with hydroſtatical practices, nor 
unfurniſhed with inſt uments, yet, I confeſs, that three or four trials that I made, not 
all of them the ſame way, made me find it more difficult, than was imagined, to arrive 
at any thing of certainty in this enquiry. 

Tuis you will cafily beli-ve, if I annex the ſubſtance of ſome experiments, that I re- 
member I made about the gr.vity of ſea-water, which I had ordered to be taken up, 
ſome at the depth of about fifteen fathoms ſomewhat near our ſhore, and ſome in another 
place of the channel, between England and France. PF 
Tax ſum of the firſt experiment is this: we took a phial, fitted with a long and ſtrait 
neck, purpoſely: made for ſuch trials, and having counterpoiſed it, filled it to a certain 
height with common conduit- water: we noted the weight of that liquor, which being 
poured out, the phial was filled to the ſame height with ſca-water taken up at the ſur- 
face,. and by the difference between the two weights, the ſea-water appeared to be about 
a forty fifth part heavier than the other. | 

Ius ſecond trial (which was far more accurately made hydroſtatically) I find regiſ- 
tered to this eſtect: we carefully counterpoiſed in the ſcales, formerly made uſe of, a 
Piece of ſul;;hur in the upper ſea- water, formerly mentioned; it weighed 5 {$ + gr. x. ſo, 
and being alſo weighed in the ſea-water fetched from the bottom, gave us the ſame 


weight 
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weight 5 ſo T Zr. x. { which ſhewed thoſe two waters to be of the ſame ſpecifick 
gravity : and then to compare this with the gravity of common water, we weighed the 
{ame ſulphur in common conduit- water, and found it 5 {\ + pr. xv. ſo: by which it 
appeared, that the ſea- water was but about a fifty-third part heavier than this water: 
which is ſuch a difference from the proportion found out by the former way of trial, 
that I could not well imagine what to attribute it to, unleſs the ſea-water by long ſtand- 
ing in a veſſel, which, though covered, was expoſed to the hot ſun, may both have 
been rarefied, and have had ſome ſeparation made of its faline or other heavier parts, on 

which ſcore that portion we took up for our trial, might appear lighter than elſe it 
would have done; or unleſs the experiment having been made in London, where great 
and ſudden rains and other accidents will ſometimes viſibly vary the conſiſtence of com- 
mon water, the liquor, I then employed without examining it, might be more ponder- 
ous at that time than at another. To which latter -ſuſpicion I was the more inclined, 
becauſe, having afterwards weighed the ſame piece of ſulphur by help of the ſame 
balance in diſtilled rain- water, I found the weight of the former liquor to exceed that of 
the latter by a good deal leſs than a thirty-fifth part ; which ſeemed to make it proba- 
ble, that if the water we chanced to employ, had been free from all faline and other 
heavy particles, the difference formerly mentioned betwixt this obſervation and the fore- 
going would not have been near fo great as it was, 

Tus laſt way 1 made uſe of to examine the proportion betwixt fea-water and freſh, 
was chymical; whereof my regiſter affords me this account. | 

A Pound avoirdupoiſe weight of the upper ſea- water was weighed out, and put into 

a head and body to be diſtilled in a digeſtive furnace ad ficcitatem ; and the diſtillation 
being leiſurely made, the bottom of the glaſs was almoſt covered with fair grains of ſalt, 
ſhot into cubical figures, and more white than was expected: in the reſt of the coagu- 
lated matter, we took not notice of any determinate ſhape. The falt being weighed, 
amounted to 5 ſd, avoirdupoiſe, and gr. x. At which rate, the proportion of the ſalt 
to the water will be that of 30 and 3 to one, and ſo will amount to near the thirtieth 
part; which was ſo much greater than the former s of trial made us expect, that I 
know not whether it may not be worth while to try, whether ſuch a abſtraction, as 
we employ of the ſuperfluous water, and our doing it in cloſe veſſels, may not have 
afforded us more ſalt, than elſe we ſhould have obtained. 
Io this relation I find this note ſubjoined : ſuſpecting that there may have ſomewhat 
elle concurred to our finding ſo great a proportion of ſalt, I ſuffered that which had 
been weighed, to continue a white in the ſcale, and ſoon perceived, that, according to 
my conjecture, that ſcale began manifeſtly to preponderate, and that conſequentiy ſome of 
the unexpected weight of ſalt may be due to the moiſture of the air, imbibed after the 
ſalt was taken out of the glais, and laid by to be weighed : whercfore, cauſing it to be 
very well heated and dried in a crucible, we found it to weigh Sit -;- {> (that is 210 
grains) upon which account the proportion of ſalt contained in the water, was a thirty- 
lixth part, and ſomewhat above halt of thoſe parts, and to expreſs it in the neareſt whole 
number, a thirty-ſeventh part. ; 

From whence this greater proportion of ſalt by diſtillation, than our other trials invited 
us to expect, proceeded, ſeems not fo eaſy to be determined; unleſs it be ſuppoted (as 
] have ſometimes ſuſpeAed) chat the operation the ſca-water was expoled to in diſtil- 
lation, made ſome kind of change in it, other and greater than before-hand cne would 
have looked for; and that, though the grains of ſalt we gained out of the ſea water, 
ſcemed to be dry before we weighed it, yet the ſaline corputcles, upon their concreting 
lato cubes, did fo intercept between them many ſmall particles of water, as not to 
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Obſervations and Experiments 


ſuffer them to be driven away by a moderate warmth ; and conſequently ſuch grains gf 
ſalt may have upon this account been leſs pure and more ponderous than elſe th 
would have been. And 1 might here add, that I ſometimes make a certain artificial 
ſalt, which, though being diſſolved in water, it will ſhoot into cryſtals finely ſhaped 
and dry enough to be reducible into powder, yet coagulates water enough with it to 
make the water almoſt, if not quite, as heavy again as before. And I have been aſſured 
by a very learned eye-witneſs, that there is a ſort of ſea- ſalt, which they bring to ſome 

arts of England, from the coaſt of Spain or Portugal, which being here diſſolved, and 
reduced by purification and filtration to a much whiter ſalt, will yield by meaſure ſome- 
what above two buſhels for one. But to ſatisfy the ſcruples and ſuſpicions I could ſug. 
geſt, would require more trials than I have now time or opportunity to make. What 
has been already delivered, may give at leaſt as ſcrupulous an account of the ſaltneſs of 
our Engliſh ſea-waters, as moſt other experimenters would have thought it needful to 
give. And to make a determination with any certainty about the degrees of the ſea's 
ſaltneſs in Segen. a great number of obſervations, made in different climates, and in 
diſtant parts of the ocean, would be neceſſary. 


F 


I xxow not whether I may be ſo indulgent to my ſuſpicions, as to wiſh, that ob- 
ſervations were heedfully made, whether in the ſame fea, and about the ſame part of it, 
the waters be always equally ſalt ? For, though that be taken for granted, yet ſince we 
have no good obſervations long fince made to filence the ſuſpicion, one may ſuſpect, 
that, at leaſt in many places, the faltneſs of the ſea may continually, though but very 
Nowly, increaſe by the acceſſion of thoſe ſaline corpuſcles, that are imported by ſalt- 
ſprings, and thoſe which rivers and land - floods do from time to time rob the earth of. 
Ard I ſuſpect it to be not impoſſibk, that this, or that part of the ſea, may be ſome- 
times extraordinarily, and perhaps ſuddenly, impregnated with an additional faltneſs 
from ſaline ſteams plentifully aſcending into it, from thoſe ſubterraneal fires, about which 
I have made it elſewhere probable, that they may burn beneath the bottom of the ſea, 
and ſometimes ſend forth copious exhalations into it. But it may prove the more diffi- 
cult to diſcern this adventiticus ſaltneſs, unleſs the taſte, 'as well as balance, be em- 
ployed about it; becauſe the ſalt, that produces it, may be of ſuch a nature, as to be 
much lighter in ſpecie than common ſea-ſalt. And the mention of this leads me to give 
you here the advertiſement I promiſed you not long ago. 

Tua though the weight of ſea-water be as good a way as is yet employed (and 
better than ſome others) to determine what ſca-water does moſt abound in falt ; and 
though it be poſſible, that in our ſea, and perhaps in almoſt all others, this way be not 
liable to any conſiderable uncertainty ; yer I think it not impoſſible, that it may ſome- 
times deceive us, eſpecially in very hot regions ; becauſe I have obſerved, that there may be 
volatile ſalt:, which, though by reaſon of their activity, they make ſmart impreſſions on 
the tongue, and give the water imbued with them a ſtrong: ſaline taſte, yet they add 
very little, and much leſs than one would think, to its ſpecifick gravity : as I have 
tried, Ly hydroſtatically examining diſtilled liquors, abounding in volatile and urinous 
ſalts, ſome of which I found very little heavier than common water, and conſequently 
nothing near ſo much heavier, as they would have been made, if they had been brought 
to ſo ſharp a taſte, by having nothing but common ſea- ſalt diſſolved in them: fo gs 
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if in any particular place, by any other way, or from the ſteams of the earth beneath, 
ſome of which, I elſewhere ſhew, may be very analogous to thoſe afforded by ſal ar- 
moniack) the ſea ſhould be copiouſly impregnated with ſuch kind of light ſalts, the 
ſea water may be much more ſalt to the taſte, and yet be very little heavier. For con- 
fit mation of which I find among my notes, that weighing a ſealed bubble of ela, made 
heavy by an included metal, firſt in ſpirit of ſal armoniack, that taſted much fronger 
than ſea-water, it weighed 3 iij ＋ gr. £1 4, and weighing this ſame body in fair water, 
it weighed but Si + gr. 45 43 fo that notwithſtanding its great ſalineſs, the ſpirit was 
lighter than common water; though a good part of that comparative ſevity may pro- 
bably be aſcribed to the liquor wherein the ſaline particles ſwarm, which, by diſtilla- 
tion, wa grown more defecated and light, than common, though chan, water. 

Bur tor a farther proof, we took a hard lump of fal armoniack 3 and though we 
could not weigh it in water, becauſe that would have diſſolved part uf it, yet by a way 
(I elſewhere teach) I found that weighing in the ſame liquor this lunp cf ſal armoni— 
ack, and a lump of good white ſea. ſalt {brought me as a curioſity out of the Torrid 
Zone) the proportion of the latter to a bulk of the liquor equal to it, was ſomething 
(though exceeding little) above that of two and a quarter to one, and the propurtion 
of ſal armoniack to as much water, as was equal likewiſe to it, did nut above a cent:{ſm 
exceed that of one and i to one; which falls ſo ſhort of the other prop rtion, a8 
may juſtly ſeem ſtrange, «ſpecially if it be conſdered, that the ſaQtrivus ſal armenia: k, 
the chy miſts generally uſe, and we employ, conſiſts in good part of ſca-ſalt, which 
abates much of the comparative levity it might have, if it were made up only of 
urinous and fuliginous ſalts, which were its other ingredients. 

Ir were indiſcreet for me to propoſe any more ſuſpicions and trials fitted to clear them, 
unleis I knew thoſe I have already mentioned would not paſs for extravagancies z and 
therefore, I ſhall here diſmiſs the ſubje& of this tract of the ſaltneſs of the ſea, but 
that, ſince I have been diſcourſing of the degrees of it, it will not be impertivent to add, 
what is the greateſt meaſure of faltneſs, that I have brought water to, without the help 
of external heat. On this occaſion, I employed two differing ways: the one was, by 
putting into a well counterpoiſed phial two cunces of common water, and then putting 
into it, well dried and white common falt, and ſhaking them together, till the liquor 
would, whilſt cold, diſſolve no more: this liquor, thus glutted with falt, weighed 
1150 grains, from which two ounces being deducted, the overplus of weight, ariſing 
from the diſſolved ſalt, amounting to 1:0 gr. ſo that a parcel of ſalt will, without hear, 
be diſſolved in bout five times its weight, or very little more, of common water. By 
which proportion we made fo ſtrong a brine, that divers pieces of amber being pur- 
polely let fall into, emerged, and floated on ir. The other and better way, yet more 
tedious, that we made uſe of, was to let ſea-ſalt run per deliguium (as the chymiſts 
ſpeak) that is, to ſet it in ſome mciſt place, till it was diſſolved by the aqueous va- 
pours that ſwim in the air. In this liquor we weighed a piece of -fulphur, which we 
allo weighed in ſea-water, wherein, finding it to weigh much more than in the former 
liquor, it appeared, that the ſea-water was, in ſpecie, much lighter than the other; 
though how much their gravities differed, I cannot find among my notes, nor be in- 
formed by my memory. 

Axp becauſe I have not, in any author, met with the proportion of ſea-ſalt to wa- 
ter of the ſame bulk, nor perceive, that hydroftaricians themſelves have yer attempted 
any way to inveſtigate it (probably deterred by the caly diſiolubleneſs of fait in water) 1 
ſhall here ſubjoin, that by the help of an expedient, I have ellewhere taught, I have 
examined a hard dry lump of ſea-ſalt, and found its proportion in weight, to common 
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Relations about the Bottom of the Sea. 


water of the ſame bulk, to be almoſt as 2 to 1 (for it exceeded the ratio of 1 to x) 
And, I remember, I found the ſpecifick weight of a hard and figured lump of /a/ gem. 
(which ſort of ſalt I ſuppoſe to be ſomewhat more pure and ponderous than ſea- ſalt) to 
be to that of water (very near) as 25 to 1. 


Tas FOURTH SECTION 


BELONGING TO THE TRACT, ENTITLED,. 


Relations about the Pottom of the S E A. 


HE preſence of the air is not only ſo neceſſary to the life of many ſorts of animals, 
but it hath likewiſe ſo great a ſtroke in the growth of vegetables, eſpecially. of 
the larger ſorts, that, after what I had experimented about theſe matters (of-which this 
is not the proper place to give an account) I thought fit to make enquiry about the 
vegetation and growth of plants of conſiderable bulk, in thoſe ſubmarine regions, where, 
if there grow any, they muſt do it remote from the free contact of an ambient air. And 
having not now the leiſure to repeat what botaniſts (of whoſe books I am not now 
provided) deliver about leſſer plants growing under water, I ſhall now only preſent 
you with what information I could procure from navigators, about trees and fruits grow- 
ing at the bottom of the ſea. 

To what I have elſewhere had occaſion to ſay to their opinion, that will not allow 
coral to be really a ſtony plant, but a lifeleſs concrete, that is always hard and brittle 
under water; I ſhall now add, that, enquiring lately of an eminent and inquiſitive per- 
ſon, that had ſpent ſome time upon the coaſt of Africa, where he had been preſent at 
the fiſhing of coral, and learning from his anſwer, that he had ſeen it not far from Al- 
giers; I aſked him, whether he had himſelf obſerved the coral to be ſoft, and not red, 
when it was newly brought from the bottom of the ſea. To which he replied, that he 
had found it ſoft and flexible; and that, as for the colour, it was for the moſt part very 
pale, but with an eye of red, the bark being worſe coloured than the ſubſtance it covered 
was; but when the bark was taken off, and the other part expoſed to the air, the ex- 
peed redneſs of the coral diſcloſed itſelf, 

Wren I demanded whether he had obſerved that any inky ſap aſcended to nouriſh 
the ſtony plant? and whether he had ſeen any thing like berries upon it? he ingenuouſly 
confeſſed to me, he had not been fo curious, as purpoſely to make enquiry into thoſe parti- 
culars ; but that he remembered, that having broken ſome of the large pieces of coral, 
he took notice that the more internal ſubſtance was much paler than the other, and very 
whitiſh; and that at the extreme parts of ſome branches, or ſprigs, he obſerved little 
blackiſh knobs, which he did not then know what to make of : and when I enquired 


what depth the ſea was of in that place ? he anſwered, that it was nine or ten fathom. 
But 
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But as to the fruit of ſome kinds of coral, if I do not much miſ-remember, I was, not- 
long ſince, aſſured by a ſcholar, that navigated much in the eaſt, that they divers times 
meet with in thoſe ſeas a certain ſort of coral, but not white, which bears a ſmall truit 
like a round berry, of a pleaſant colour, and eſteemed as: rarities. | 

D1scouRSING With a perſon that made diving his trade, whether he had not met 
with any trees or fruit in the depths of the ſea ? he told me, that in a great ſhip, where- 


into he deſcended, to recover thence ſome ſhipwrecked goods, he was ſurprized to find 


in ſeveral places a certain ſort of fruit, that he knew not what to make of, for he found 
them of a ſlimy and ſoft conſiſtence, about the bigneſs of apples, but not ſo round in 
ſhape ; and when he brought them up into the air, as he did many of them, they ſoon 
began to ſhrink up like old rotten apples, but were much harder, and more ſhrivelled. 
And it is remarkable, that this happened in a cold northern ſea, 

Oxz that made a conſiderable ſtay about Manar, a place I have often mentioned, 


anſwered me, that he learned from the divers, that in ſome places thereabouts, there 


grows at the bottom pretty ſtore of a certain ſort of trees, bearing leaves almoſt like choſe 
of laurel, as allo a certain fruit; but of what virtue, or other uſe, he had not the curio- 
fity to enquire. 

I was allo informed by an eye-witneſs, that near the famous coaſt of Moſambique in 
Africa, there grows at the bottom of the ſea-ſtore of trees, that bears a certain fruit, 
which he deſcribes to be very like that, which, in America, they are wont to call Acayn, 
the leaves alſo reſembling thoſe of that tree. | 

Bur the beſt welcomeſt information I could procure about ſubmarine plants, is that 
which concerns the famous Maldivian nut, or Cocoa, which is ſo highly eſteemed in 
the eaſt, that ſome write, it is a great preſent from one king to another, and even much 
extolled in Europe by experienced phyſicians: for the origin of this dear drug is almoſt 


as much eontroverted; as the alexiterial virtues are extolled. Having then once the good 


fortune to meet with a man of letters, that had reſided in thoſe unfrequented iſlands, I 
found he had been as inquiſitive, as I could reaſonably expect, about theſe admired pro- 


ductions of the ſea, and that he had often learned from the divers, that they are real. 


nuts, or fruits, borne by a ſort of cocoa-trees, that grow at the bottom of the ſea, and 
are thence, either torn off, by the agitation of the water, or gathered by the divers. 
Theſe fruits are ſmaller than moſt other ſorts of cocoas, whoſe maturity they do not 
ſcem to arrive at. He thinks, the ſpecies may have been very differing from what it is, 
and may have come from nuts fallen into the ſea, together with the ruin of ſome little 
iſlands undermined by the water, and fo ſubmerged ; of winch he told me, he ſaw, at 
leaſt, three or four inſtances during his ſtay there. He told me, that whiiſt the fruit 
was under water, they obſerved no diſtinct ſhell and kernel, but the entire nut was- ſo 
ſoft, that it may eaſily enough cut with a knife, and was eaten like their other fruits; 
but being kept about a week in the hot air, it grows ſolid, and ſo hard, as to require 
good ſteel tools to work upon it. He added, that though, even upon the place, the 
fairer ſort be of very great eſteem, yet not of any ſuch prodigtous price as is given- out. 
And he preſented me one about the bigneſs of a large egg, and a fragment of another, 
which are both very hard; but as for their virtues, I can yet ſay nothing upon trial, 
for want of naving had fitting opportunities. | 
OTHeR obſervations made at the bottom of the ſea may hereafter ſollow. 


A. PAR A- 


* 


781 


. F — - 
\ | ths + 4 — 8 * 
_ 
. * a 


2P 
*8 

: 
uk 
* 
_— - 
-M 
4 
| 
| 
1 


A 


JJ l 


NATURAL. amd PRETERNATURAL: STATE 


QF 


O D B 


Eſpecially of the A I R. 


Know that not only in living, but even in inanimate bodies, of which alone I here diſ- 

courſe, men have univerſally admitted the famous diſtinction between the natural and 
preternatural, or violent ſtate of bodies, and do daily, without the leaſt ſcruple, found 
upon it hypotheſes and ratiocinations, as if it were moſt certain, that, what they call 
nature, had purpoſely framed bodies in ſuch a determinate ſtate, and were always watch- 
ful, that they ſhould not by any external violence be put out of it. 

Bur notwithſtanding ſo general a conſent of men in this point, I confeſs I cannot yet 
be ſatisfied about it in the ſenſe wherein it is wont to be taken. It is not, that I be- 
heve, that there is no ſenſe in which, or in the account upon which, a body may be 
ſaid to be in its natural ſtate ; but chat I think the common diſtinction of a natural and 
violent ſtate of bodies has not been clearly explained, and conſiderately ſettled, and both 
is not well grounded, and is oftentimes ill applied. For when I conſider that what- 
ever ſtate a body be put into, or kept in, it obtains or retains that ſtate, according to 
the catholick laws of nature, I cannot think it fit to deny, that in this ſenſe the body 
propoſed 1s in a natural ſtate, but then, upon the ſame ground it will be hard to deny, 
but that thoſe bodies which are ſaid to be in a violent ſtate, may alſo be in a natural one, 
ſince the violence they are preſumcd to ſuffer from outward agents, is likewiſe exerciſed 


no 


A Paradox, e. 


no otherwiſe than according to the eſtabliſhed laws of univerſal nature. It is true, that 
when men look upon a body as in a preternatural ſtate, they have an idea of it differ- 
ing from that, which they had whillt they believ:d it to be in a natural ſtate : but per- 
haps this difference ariſcs chiefly from hence, that they do not conſider the condition of 
the body, as it reſults from the catholic laws ſettled among things corporeal, and relates 
to the univerſe, but eſtimate it with reference to what they ſuppoſe is convenient, or 
inconvenient, for the particular body itſelf. But however it ſeems to me, that men's 
determining a body to be in a natural or preternatural ſtate has much more in it, either 
of caſual, or of arbitrary, or both, than they are aware of. For oftentimes we think a 
body to be brought into a violent ſtate, not becauſe really the former was not ſo, but 
becauſe there is a notable change made in it by ſome agent, which we alſo take notice 
of; whereas before the action of that agent, if the body were under any violence, it 


was exerciſed by uſual, but often immanifeſt agents, though perhaps their compulſion. 


were not leſs, but only leſs heeded. And ſometimes allo no more is to be underſtood 
by a body's being forced from its natural ſtate, than that it has loſt that, which it had 
immediately, or a pretty while before ſome notable change. Which conjectures I ſhall 
now endeavour to confirm, but with great brevity. 


I nave already ſhewn, that matter being devoid of ſenſe and appetite, cannot be 


truly and properly ſaid to affect one ſtate or condition more than another, and conſe- 


quently has no true deſire to continue in any one ſtate, or to recover it when once loſt 


and inanimate bodies are ſuch, and in ſuch a ſtate, not as the material parts they conſiſt 
of, elected or deſired to make them, but as the natural agents, that brought together 


and ranged thoſe parts, actually made them. As a piece of wax is unconcerned, whe- 


ther you give it the ſhape of a ſphere, or a cone, or a pillar, or a boat; and whether, 
when it has that form, you change it into any other; the matter ſtill retaining without 


willingneſs or unwillingneſs, becauſe without perception, that figure, or ſtate, which 


the laſt action of the agents (your fingers or inſtruments) determined it to, and left it in. 
Bur this will be beſt underſtood, as well as confirmed, by particular examples. I 
need not tell you, that the moſt uſual inſtance alledged to ſhew, that a ſtate is natural 


to a body, and that being put out of it by external cauſes, it will, upon the ceſſation 


of their violence be reſtored thereunto, is, that water being heated by the fire, as ſoon 
as that adventitious heat vaniſhes, returns to its native coldneis; and fo when, by an 


exceſs of cold, it is congealed into ice, it does upon a thaw loſe that preternatural 


hardneſs, and recover the fluidity, that naturally belongs to it : and the ſame may be 
likewiſe ſaid of butter, which, being melted by external heat into a liquor, does upon 


the ceſſation of that heat grow a conſiſtent body again. But perhaps theſe inſtances will 


rather countenance our paradox than diſprove it. For as to the coldneis, whereto wa- 
ter heated by the fire returns, when it is removed thence, it may be ſaid, that the acquired 
heat conſiſting bur in .the various and briſk agitation of the corpuſcles of the water by 
an external agent, it need be no wonder, that when that agent ceaſes to operare, the 
effect of its operatioi. ſhould ceaſe too, and the water be left in its former condition, 
whether we ſuppoſe it to have been heated by the actual pervation of the corpuſcles of 
the fire, which muſt by degrees fly away into the air; or that the heat proceeds from 


an agitation imparted by the fire to the aqueous corpuſcles, which muſt, by degrees, 


loſe that new agitation, by communicating it little by 1.ttle to the contiguous air and 


veſſel ; ſo that if the former zgitation of the particles of the water were, as is uſual, . 


much more languid than that of our organs of feeling, in which faintneſs of motion the 
colineſs of water conſiſted, there will be no need of any poſilive internal form, or any 
care of nature to account for the water's growing cold again. This will be confirmed 


by 
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by the conſideration of what happens to ice, which is ſaid to be water brought into a 


preternatural ſtate by an exceſs of cold. For 1 doubt it will not be eafily demonſtrated, 
that in reference to the nature of things, and not to our arbitrary ideas of them, ice is 
water preternaturally hardened by cold, and not water ice preternaturally thawed by 
heat. For if you urge, that ice left to itſelf will, when the frigorific agents are removed, 
return to water; I ſhall readily anſwer, that, not to mention the ſnow and ice, that lie 
all the ſummer long unthawed upon the tops of the Alps and other high mountains, I 
have learned, by enquiry purpoſely made, from a doctor of phyſick, who for divers 
years practiſed in Muſcovy, that in ſome parts of Siberia (a large province belonging to 


the Ruſſian emperor) the ſurface of the ground continues more months of the year frozen, 


by what is called the natural temperature of the climate, than thawed by the heat of the 
ſen ; and that a little beneath the ſurface of the ground, the water that chances to be 
lodged in the cavities of the ſoil, continues frozen all the year; fo that, when in the 
heat of ſummer the fields are covered with corn, if then you dig a foot or two, perha 
leſs, you ſhall eaſily find ice and a frozen ſoil : ſo that a man born and bred in the in- 
land part of that country, and informed only by his own obſervation, may probably look 
upon water as ice violently melted by that cceleſtial fire, the ſun, whoſe heat is there ſo 
vehement in their ſhort ſummer, as to ripen their harveſt in leſs time than in our tem- 
perate climates will eaſily be credited. | | 

Ox the other fide, we in England look upon melted butter, as brought into a violent 
ſtate by the operation of the fire, and therefore think, that when being removed from 
the fire it becomes a conſiſtent body again, it has but recovered its native conſtitution, 
Whereas there are divers parts of the Ea/? Indies, and, I doubt not, of other hot coun-, 
tries, whoſe inhabitants, if they ſhould ſee conſiſtent butter (as ſometimes by the care 
and induſtry of the Europeans they may do) they would think it to be brought to a pre- 
ternatural ſtate by ſome artificial way of refrigeration. For in thoſe parts of the Indies 
I ſpeak of (though not in all others) the conſtant temper of the air being. capable to enter- 
tain as much of agitation as ſuffices for fluidity in the parts of what, in our climate, 
would be butter, it would be in vain to expect, that, by being left to itſelf in the air, it 
ſhould become a conſiſtent body. And J have learned by diligent enquiry of ſeamen and 
travellers, both Engliſh, and others that were eye-witneſſes of what they told me, that 
in divers parts of thoſe hot regions, butter, unleſs by the Europeans, or their diſciples, 
purpoſely made in the cold, is all the year fluid, and fold, or diſpenſed, not as conſiſtent 
bodies, by weight, but as liquors, by meaſure. To ſtrengthen this obſervation, I ſhall 
add what was affirmed to me by a learned man, that practiſed phyſick in the warmer 
parts of America, namely, that he met in ſome places with ſeveral drugs, which, though 
they there ſeemed to be balſams, as turpentine, &c. are with us, and retained that con 


ſiſtence in thoſe climates ; yet when they come into our colder regions, harden into gums, 


and continue ſuch both winter and ſummer. On the other ſide, enquiring allo of a tra- 
veller, verſed in phyſical things, about the effects of great heat in the inland parts of 

Africa, where he had lately been; he told me, among other things, that reſin of jalap, 
which, when he carried it out of England, was of a conſiſtence not only dry, but brittle, 


did, when, and a while before he came to Morocco, melt into a ſubſtance like turpen- 


tine; ſo that ſome of it, that he had made up into pills, would no more at all retain 
that ſhape, but remain, as it were, melted all the while he ſtaid in that city, and the 
neighbouring country, though when he came back to the borders of Spain, it returned 
to its former conſiſtence. Which I the leſs wondered at, becauſe, having had the curio- 
fity to conſider ſome parcels of gum lacca (of which ſealing-wax is made) newly brought 
aſhore ſrom the Eaſt Indies, though it be a hard and ſolid gum, yet I found by W 

| inſtances, 


A Paradox, &c. 


niſtances, that, paſſing through the Torrid Zone, divers pieces of it, notwithſtanding 
the ſhelter afforded it by the great ſhip it came in, had been, by the heat of the cli- 
mate, melted, and made to ſtick together, though afterwards they regained their for- 
mer conliſtence, though not altogether their former colour. And on this occaſion I 
ſhall add, that I learned by enquiry from a particular acquaintance of mine, who brought 
me divers rarities out of America, that having at the place where it was made, among 
other things, furniſhed himſelf with a quantity of the beſt aloes, he obſerved, that whilſt 
he failed through very hot climates, it was ſo ſoft, that, like liquid pitch, it would often 
have fallen out of the wide-mouthed veſſel he kept it in, if he had not from time to 


time been careful to prevent it. But when he came within a hundred leagues of the 


coaſt of England, it grew hard, and ſo continued, though this were in a very warm 
ſcaſon of the year, being about the dog-days. 

For further confirmation of what has been hitherto diſcourſed, be pleaſed to conſider 
with me that moſt obvious body the air, or the atmoſphere we live and breathe in. For 
though ſeveral opinions and argumentations are founded upon what their authors call 
the natural and preternatural or violent ſtate of the air, yet he that conſiders, ſhall find 
it no eaſy thing to determine what ſtate of the air ought to be reputed its truly natural 
ſtate, unleſs in the ſenſe I formerly told you J employ that expreſſion in. I will not 
inſiſt on the heat and coldneſs of the air; for that being manifeſtly very differing in the 
heart of winter, and in the heat of ſummer, and in differing regions of the air, as at 
the top and bottom of high mountains, at the ſame time, and conſtantly in differing 
regions of the earth, as in Barbary and Greenland, it will not be ſo eaſy to determine, 
what ſtate is natural to the air. But that only, which I ſhall now conſider, is its ſtate cr 
tone in reference to rarity and denſity. For ſince the air is believed to be condenſed by 
cold, and expanded by heat, I demand at what time of the year, and in what country, 
the air ſhall be reputed to be in its natural ſtate? For if you name any one time, as the 
winter or the ſummer, I will aſk, why that muſt be the ſtandard of the tone of the air 
rather than another ſeaſon, or at leaſt excluſively to all others? And the like difficulty 
may be made about the climate or the place. And theſe ſcruples are the more allowa- 
ble to be propoſed, becauſe learned men have delivered, that in ſome countries the mer- 
cury in the Torricellian experiment is kept higher than in others (as in Sweden than in 
Italy) and our baroſcopes inform us, that oftentimes, in the ſame place and day, the 
quickſilver in the ſame inſtrument does conſiderably vary its height; which ſhews, that 
the air or atmoſphere muſt neceſſarily vary its weight, and therefore probably its degree 
of rarity or denſity. | 

Bur I have yet to propoſe a further conſideration in this affair: for what if it ſhall ap- 
pear, that neither in winter nor in ſummer, in Sweden or in [taly, or in whatever coun- 
try, region, or ſeaſon you pleaſe, the air we breathe in is in any other than a preterna- 
tural ſtate? nay, that even when we have vehemently. agitated and expanded it by an 
intenſe heat of the fire, it is not yet violently rarefied, but yet violently conſtipated, un- 
leis, in our ſenſe before declared, you underſtand with me the preternatural ſtate or 
rarefaction in the air, in reference to the tone it had before the laſt notable change was 
_ Produced in it. This will, I queſtion not, ſeem a ſurprizing, if not a wild, paradox: 
but yet to make it probable, I ſhall only deſire you to reflect upon two or three of 
my phyſico-mechanical experiments; and there you will ſee, firſt, that the air being a 
body abounding with ſpringy particles, not devoid of gravity, the inferior muſt be 
compreſſed by the weight of all the incumbent. And next, that this compreſſion is ſo 
great, that though by the heat of the fire neither others, nor we; could bring a portion 
vi included air to be expanded to above fourſcore times its former ſpace; yet without 
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A Paradix &c. 
heat, by barely taking off the preſſure of the ſuperior air, by the help of our pneuma. 


tical engine, the air was rarefied more than twice as much: and ſince thoſe experiments 
were publiſhed, I more than once rarefied it to above hve hundred times its uſual dimen. 
ſions ; ſo that it, according to what is generally agreed on and taught, a body be then 
in a preternatural ſtate, when, by an external force, it is kept in a condition, from 
which it inceſſantly tends to get free; and if it be then moſt near its natural ſtate, when 
it has the moſt proſperouſly endeavoured to free itſelf from external force, and comply 
with its never ceaſing tendency ; if this be fo, I ſay, then the air we live in is conſtant! 
in a preternatural ſtate of compreſſion by external force. And when it is moſt of all ra. 
refed by the fire, or by our engine, its ſpting having then far more conveniency than 
before to diſplay themſelves, which they continually tend to do, it anſwerably approaches 
to its natural ſtate, which is to be yet leſs compreſſed or not at all. And I have care- 
fully tried, for many months together, that when the air has been rarefied much more 
than even a vehement heat will bring it to be, yet if it were fenced from the preſſure of the 
external air, it would not ſhiink to its former dimenſions, as if it had been put into a 
violent ſtate, from whence nature would reduce it to them, but continued in that great 
and ſeemingly preternatural degree of extenſion, as long as I had occaſion to obſerve it. 
One might here ſhew, that this odd conſtitution of the air is ſo expedient, if not ne- 
ceſſary for the motion, reſpiration, and other uſes of animals, and in particular of men, 
that the providence and goodneſs of the wiſe Author of the univerſe is thereby ſignally 
declared; if it were not improper, in ſuch a paper as this, to employ final cauſes, 
Wherefore to avoid the imputation of impertinence, I will conclude, by taking notice, 
that, from what has been delivered, we may learn two things conſiderable enough, if 
not in themſelves, yet to ſome paſſages of the treatiſe, whereof this paper makes a part, 
And firſt, we may deduce from what has been ſaid of the air, that, according to what 
is noted above, that may ſometimes generally be granted, and believed to be the natu- 
ral ſtate of a body, not which it really affects to be in, or (to ſpeak more properly) has 
a tendency to attain, but that which it is brought into, and kept in by the action, or 
reſiſtance of neighbouring bodies, or by ſuch a concourſe of agents and cauſes, as wil 
not ſuffer it to paſs into another ſtate. And the ſecond thing we may hence learn, is, 
that whatever men ſay of nature's never miſſing her aim, and that nothing violent is 
durable; yet, bating an inconſiderable portion of aerial particles at the upper ſurface, 
for aught we know, the whole maſs of the air we live in, and which invirons the whole 
terraqueous globe, has been from the world's beginning, and will be to its end, kept in 
a ſtate of violent compreſſion, 


A STA 


STATICAL HYGROSCOPE 


Propoſed to be further Tried. 


Together with 


A BRIEF ACCOUNT 


OF THE 


UTILITIES or HY GROSCO PES. 


—— n 


— _ 


A 
STATICAL HYGROSCOPE, @c. 


In a LETTER to H. OLDENBURG, Eſq; Secretary to the 
ROY AL K 


T1; 


Tr» I writ to you from Stanton, an account of thoſe hygroſcopes, whereot 
I now preſent you one; yet ſince I remember, that it was in the year 1605, 
that I ſent you that paper, I fear you may, by this time, have forgotten much of what 
it contained, and thereby made it fit for me, in this letter, both to remind you of ſome 
former paſſages, and to add ſome obſervations, that lately occurred to me ; and this 
the rather, becauſe I do not preſent you with this trifle, merely to gratify your curioſity, 
but that you, and ſome of your ingenious friends, may, by your remarks, help me to 
d.ſcover, to what inconveniencies our inſtrument is liable, how far they may be avoided, 
or leſſened, or what the uſes, or advantages, of it may be, notwithitanding its inevita- 


ble inconveniencies, or imperfections. 
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Having had occaſion, amongſt other ſubjects relating to the air, to conſider its 
moiſture, and its dryneſs, I eaſily diſcerned, that they had no ſmall influence upon di- 
vers bodies, and, among the reſt, upon thoſe of men, as the ambient air we breathe in 
either paſſes from one of thoſe qualities to the other, or even from one degree to the 
other, in the ſame quality. | | 

WHEREFORE, I began to caſt about ſomewhat ſolicitouſly, for a way that might, 
better than any I had yet tried, or elſewhere met with, diſcover the changes of the air, 
as to moiſture and dryneſs, and the degrees of either quality. For which purpoſe, it 
ſeemed” ro me, that if a ſtatical hygroſeope could be had, it would be very convenient, 
in regard of its. fitneſs, both to determine the degrees of the moiſture, or dryneſs of the 
air, and to tranſmit the obſervations made of them to others. Whereupon, conſidering 
further, that among bodies, otherwiſe well qualified for ſuch a purpoſe, that was like- 
lieſt to give the ſenſibleſt informations of the changes of the air, which, in reſpe& o 
its bulk, had the moſt of its ſurface expoſed thereunto; I quickly pitched upon a fine 
ſpunge, as that, which is eaſily portable, not eaſy, to be divided or diſſipated, which, 
by its readineſs to ſoak in water, ſeemed likely to imbibe the aqueous particles, that it 
may meet with diſperſed in the air, and which, by its great porouſneſs throughout, has 
much more of ſuperficies, in reference to its bulk, than any body, not otherwiſe leſs 
fit for the intended uſe, that came into my thoughts. 

Ir you recal to mind, when, and whence I firſt gave you notice, that I employed 
our little inſtrument, you will eaſily beheve, that the inducements I had to pitch upon 
it, were, that I ſhould need but ſuch light and parable things, as 1 could eaſily both 
procure in the country (where I then was) and carry about with me, in the frequent re- 
moves I was obliged to make; and therefore, that I did not preſent this trifle as the 
beſt hygroſcope, that could be deviſed, or even as the beſt, that, perhaps, I myſelf 
could have propounded, if I would have framed an elaborate engine with wheels, ſprings, 
or equivalent weights, pullies, indices, and other contrivances, ſome of which I divers 
years ago made uſe of. For I little doubt, but that mechanical heads may frame hy- 
groſcopes much curiouſer and per fecter, than that I now ſend you, or any other 1 have 
uſed, or ſeen, if they may be accommodated with ſufficient room, and dextrous arti- 
ficers, that will work exactly according to directions; whereas, my deſign being not 
ſo much to make a machinal, or engine-like, as a ſtatical hygroſcope, and ſuch an one 
as may be ſimple, cheap, contained, and ſet up in a little room, eaſy to be made and 
tranſported, I thought it might be of ſome uſe, eſpecially to thoſe that are not fur- 
niſhed with curioſities and mechanical accommodations; if among the ſeveral forms of 
hygroſcopes that I had in my mind, I choſe one, that being ſtatical and eaſy, might be 
as commodious by its ſimplicity, as ſome others by their elaborateneſs ; eſpecially if we 
conſider, that, as flight an inſtrument as it ſeems, it may be applied to various utes, 
{ome of which are not ſlight, as will ere long be made probable. 

Ir 1 ſhould be here told by one that grants the preferableneſs of ſtatical hygroſcopes 
in the general, that there are divers bodies, other than that pitched upon by me, - whoſe 
weight may vary, when the temperature of the air is confiderably altered, as to dry- 
neſs and moiſture, and that, perhaps, among theſe, ſome one may be found, that may 
imbibe the aqueous particles of the air better than our ſpange z I ſhall not reſolutely: 
deny it, and therefore ſhall leave you to make trials with what other bodies you ſhall 
think fit, contenting myſelf to have ſuggeſted, in general, the conveniency of making 
hygroſcopes, where the differing changes of the air may be eſtimated by weight: but 
this I ſhall tell you, in favour of our ſpunge, that when I was conſidering what bodies 
were the fitteſt to be employed for the making of ſtatical hygroſcopes, I made trial of 

| more 


A Statical Hygroſcope, &c: 
more than one, that ſeemed not the leaſt promiſing. I know, that common, or ſea- 
ſalt, will much relent in moiſt air, and falt of tartar will do it much more; but then 
thoſe ſalts, eſpecially the latter, will not ſo eaſily, as they ſhould, part with the aqueous. 
corpuſcles they have once imbibed, and are in other regards (which it were not worth 
while to infift on) Jeſs convenient than a ſpunge. I made trial alſo with lute-ſtrings, 
which were purpoſely choſen very ſlender, that they might have the greater ſurface, in 
reſpect of their bulk: theſe I found, ar firſt, to do very well, as to the imbibing of 
the moiſture of the air, but afterwards they did not continue to anſwer my expectation. 
] cauſed likewiſe to be turned out of a light wood a cup, which, that it might leſs bur- 
den a tender balance, had, inſtead of a joot, a little button, to which a hair might be 
tied, to ſuſpend it by ; and this cup being purpoſely turned very thin, that it might 
have much ſurface expoſed to the air, proved for a pretty while ſo good a hygroſcope, 
as invited me to make divers obſervations with it, ſome of which I have ſtill by me. 
It agreed alſo with ſeveral trials, that I had made on other occaſions, of the porouſneſs 
of ſuch bodies, that white ſheeps leather, ſuch as ſurgeons uſed to ſpread plaiſters upon, 
would be very conven.ent for my purpoſe. And indeed I found by many obſervations, 
whoſe ſucceſs you may command a ſight of, that if this leather were a ſubſtance as lit- 
tle obnoxious to corruption as a ſpunge, it would, by its copious imbibitions, and emiſ- 
ſions of the aErial moiſture, be a fitier matter, than any other I had employed for a 
hygroſcope. 

Bur taking all things together, I found no body fo convenient for my purpoſe as a 
ſpunge; which you will, perhaps, the more eaſily believe, if I add, that to help me to 
make ſome eſtimate of the poroſity of it [we weighed out a drachm of fine ſpunge, and 
having ſuffered it to ſozk up what water it could, it was held in the air, not only whilſt 
the weight of the water would eaſily make it run out, but till it dropped ſo very ſlowly, 
that a hundred was reckoned after one drop, before another fell; then putting it into 
the balance it had been weighed in before, we found that as its dimenſions were in- 
creaſed to the eye, ſo its weight was increaſed upon the ſcale, amounting now to ſomewhat 
above two ounces and two drachms ; ſo that one drachm of ſpunge, though it ſeemed 


not altogether ſo fine as the portion we had choſen out for our hygroſcopes, did imbibe- 


and retain ſeventeen times its weight of water.] 

Now when one 1s reſolved to employ a ſpunge, there will not need to be much. 
added about the turning it into a hygroſcope. For, having weighed it, when the air is 
of a moderate temperature, it requires but to be pur into one of the ſcales of a good 
balance, ſuſpended on a gibvet, as they call it, or ſome other fixed and ſtable ſupporter. 
For the ſpunge being carefully counterpoiſed, at firſt, with a metalline weight (becauſe- 
that alters not ſenſibly with the changes of the air) it will, by its decrement, or increa'e 
of weight, ſhew how much the neighbouring air is grown dryer, or moiſter, in the 
place where the inſtrument is kept. The weight of the ſpunge may be greater, or leſs, 
according to the bigneſs and goodneſs of the balance, and the accurateneſs you deſire 
in the diſcoveries it is to make you, For my part, though | have, for curioſity's 
ſake, with very tender ſcales employed, for a good while, but half a drachm of ſpunge, 


and I found it to anſwer my expectation well enough; and though, when I uſed a. 


bulk divers times as great, in à ſtronger, but proportionably leſs accurate balance, I 
found not the experiment ſucceſsleſs: yet after trials with differing quantities of ſpunge, 
I preferred, both to a greater and leſſer weight, that of a drachm, as not being heavy. 
enough to overburden the finer ſort of goidfimiths ſcales, and yet great enough to diſ- 


cover changes conſiderably minute, ſince they would turn, diſcernibly, with a fixtcenth,, 


or twentieth part, and manifeſtly, with half a quarter of a gain. 
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Wir ſuch hygroſcopes as theſe (wherein the balance ought to be till kept ſuſpended 
and charged) I made ſeveral trials, as my removes and accommodations would permit, 
ſometimes in the ſpring, and ſometimes in the autumn, and ſometimes alſo in the ſum- 
mer and winter. But, nevertheleſs, it would be very welcome to me, if you, and ſome 
of your friends, would be pleaſed to make trials yourſelves, and compare them with 
mine, and eſpecially take notice, if you can, whether, in any reaſonable tract of time, 
there will be any loſs, worth noting, of the ſubſtance of the ſpunge itſelf ; I having not 
hitherto diſcovered any. In the mean time, to invite you to give yourſelves this trouble, 
after I have told you, that having once, among divers removes, had the opportunity to 
keep a drachm of ſpunge ſuſpended during a whole ſpring, and a great parc of the pre- 
ceding winter and ſubſequent ſummer, I did not think my pains loſt, though divers of 
the obſervations they afforded me have unhappily been ſo, among many other memorials 
about experiments of differing kinds; notwithſtanding which unſeaſonable loſs, I ſhall 
venture to ſuggeſt ſome things to you, that occurred to me about the utilities of the 
inſtruments I am treating of. | 


EE To 


OF THE 


UTILITIES or HY GROSCOPES. 


HE uſe of a hygroſcope is either general, or particular; the former is almoſt 

coincident with the qualifications to be wiſhed for, and aimed at, in the inſtru- 

ment itſelf; the latter points out the particular applications that may be made of it, 

when it is duly qualified. Of each of theſe, I ſhall briefly ſubjoin what readily occurs to 
me. | 

Tus general uſe of a hygroſcope is, To eſtimate the changes of the air, as to 


©. moiſture, and dryneſs, by ways of meaſuring them, eaſy to be known, provided, and 


* communicated.” 

I MIGHT here pretend, that as theſe are the principal things that have been deſired in 
hygroſcopes, ſo it is obvious, from the deſcription and account we have given of our 
inſtrument, that theſe advantages belong to it in no very deſpicable degree: and that to 
make ſuch hygroſcopes, as will perform all theſe things in perfection, whatever it may 
ſeem to a mental contriver, will, I fear, prove no ealy taſk to thoſe that really attempt 
it, To theſe things I might add, that if ſuch allowances be made, as what I have re- 
preſented may invite you to grant, the quaiifications Jately mentioned, as defirable in a 
hygrolcope, may, in a tolerable meaſure, be found in ours, when we ſhall come to men- 
tion the particular uſcs of it. And as for that of conveying to others the obſcrvations 
made 
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made with it, you may pleaſe to conſider, that the things I employ to meaſure the de- 
grees of dryneſs and moiſture in the air, being grains, parts of grains, and greater 
weights, the acceſſion of moiſture which the ſpunge receives, or the loſſes that it ſuffers, 
can be eaſily, and at the ſame time, both found and determined. And as the weights 
employed to determine theſe differences are eaſily procurable ; ſo the obſervations made 
with them may (together with patterns, if it ſhould be needful, of the weights themſelves) 
with the ſame facility be communicated by letters even to remote parts. In which con- 
veniency, whether, and, how far our inſtrument has the advantage of that made with an | 
caten beard, and ſome others that I have employed, I leave you to conſider. | 

I MIGHT farther alledge, on the behalf of our inſtrument, that whereas, beſides the | 
qualifications above mentioned, there is another, namely, durableneſs, which, though | 
not ſo neceſſary to conſtitute a hygroſcope, yet is neceſſary, as will ere long appear, to | 
ſome of the conſiderableſt uſes of it; and whereas ſuch a durableneſs is wiſhed, as may 
not only keep the inſtrument from having its ſubſtance rotted or corrupted by the air, 
but may alſo preſerve it in a capacity to continue pretty uniformly its informations of the 
air's moiſture, even when that increaſes very much, or laſts very long; whereas, I ſay, 
theſe things are much deſired in a hygroſcope, our ſpunge ſeems herein preferable to the | ( 
baten beard, lute-ſtrings, &c. For in thoſe and the like bodies, the ſelf-contraCting, or 4 | 
relaxing power (as it is ſuppoſed) or the diſpoſition to imbibe, and part with the moiſture | 
of the air uniformly, or after a dus manner, is wont to be in no very long time altered 
or impaired z and particularly, when they have imbibed much aerial moilture, they are | 
very faintly affected by the ſupervening degrees of it, and ſo the operation is too diſpro- | 
portionate to what the like cauſe would have produced, when the inſtrument was well 4 
diſpoſed; whereas, in our ſpunge, neither the degree of ſpringineſs, nor any ſuch-like | | 
quality is conſidered, and it is capable of imbibing fo much more of the aqueous par- 
ticles, than even moiſt airs and ſeafons are wont to ſupply it with, that there is little fear 
that it will be glutted, or have its pores choaked up with them, ſo that the decrements 
and acceſſions of weight will be more proportionate to the degree of moiſture in the air, 
and more reducible to known and determinate meaſures. 

Bur though thele, and the like ſpecious things, may be repreſented in favour of our 
ſtatical hygroſcope; yet, to deal ingenuouſly with you, I much fear, that it will be very 
difficult to bring either ſtatical ones, or perhaps any other, to be fo complete, as to ſatisfy 
a nice and ſevere critick. And you would perhaps eafily aflent to my opinion, if it were 
not too tedious to entertain you with all the ſpeculative doubts and ſcruples, as well me- 
chanical as phylical, which my accuſtomed diffidence has now and then ſuggeſted to 
me. But becauſe ſuch a ſceprical diſcourſe would be too tedious, and alſo ſomewhat 9 
improper, to be propoſed by one that would recommend hygroſcopes, I ſhall only now | 11 
take notice of one great imperfe&tion, which all that l have been acquainted with, are 
liable to; namely, that men have not yet found, nor perhaps ſo much as dreamed of | 
zeking a ſtandard of the dryneſs and moiſture of the air, by relation to which hygro- | f 
meters may at firſt be adjuſted, and ſo be compared with one another, as we ſee many 
of thoſe ſealed thermoſcopes that have been made and juſtned by Mr. Sho!grave, the 
dextrous operator of the Royal Society. I deny not, that, by virtue of a ſtandard to 
eſtimate moiſture by, I have endeavoured to remedy this inconvenience z but, as my 
hopes were but ſmall, fo neither was my ſucceſs great, but I am not lure that happier 
wits, or I myſelf, at ſome other and luckier time, may not more proſperouſt attempt 
it, In the mean while, perchance, you wili not think it altogether nothing, if the tritie 
| preſent you, perform, at leaſt, ſome of the things deſired in a hygrometer leſs im- 
perfectly than any you have yet met with. And that you may not be diſcouraged . 

what 
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what T have lately acknowledged of the defects of ſuch inſtruments, I think it now ſea. 
ſonable to proceed to the mention of the particular uſes, for which, notwithſtanding 
any inevitable defects, a hygroſcope, and even ſuch à one as I now preſent you, may be 
made eaſily to ſerve. 


1:8: Lk 
To know the differing variations of weather in the ſame month, day, and hour. 


Ir may be uſeful for divers purpoſes to know, both that the air is wont to be leſs 
moiſt at one part of the artificial day (and ſo of the night) than at any other, and at 
what particular time of the day or night it moſt uſually is ſo. And on this occaſion I 
remember, that uſually, when the weather was at a ſtand, it was obſerved that the 
ſpunge had manifeſtly gained in the night, though it were kept in a bed-chamber, and 
grew lighter again between the morning and noon. This obſervation, which was made 
towards the end of winter, would not hold, in caſe froſty nights or ſome other power- 
ful cauſe intervened. It were not amils, alſo, to obſerve, whether there be not a cor- 
reſpondence betwixt the hygroſcope and baroſcope; and if there be, in what kind of 
weather or conſtitution of air it is moſt or leaſt to be diſcerned. And this inquiry ſeems 
the more dubious, becauſe the ſame changes of the atmoſphere may, upon differing 
accounts, have either the like, or quite contrary operations upon theſe two inſtruments, 
For in ſummer, when the atmoſphere is uſually heavier, the hygroſcope is uſually 
lighter ; ſome ſtrong winds, as with us the north-weſt, may make both the atmoſphere 


and baroſcope lighter, whereas ſoutherly winds, eſpecially if accompanied with rain, 


often make the atmoſphere lighter and the ſpunge heavier. And on the other fide I ob- 
ſerve, that eaſterly winds, eſpecially when they begin to blow in winter, though, by 
reaſon of their dryneſs, they are wont to make the hygroſcope lighter, yet they are wont, 
at leaſt here, at the weſt end of London, to make the baroſcope ſhew the air to be 
heavier. It were likewiſe fit to be obſerved, particularly by thoſe that live on the ſea- 
coaſt, whether the daily ebbing or flowing of the ſea do not ſenſibly alter the weight of 
the hygroſcope. It were very well worth while alſo to take notice, at what time of 
the day or night, ceteris paribus, the air is the molt damp and molt dry, and not only 
in ſeveral parts of the {ame day, but in ſeveral days of the ſame month; eſpecially on 
thoſe days, wherein the full and new moons happen. And this ſeems a more hopeful 
way of diſcovering, whether the full moon diffuſes a moiſture in the air, than thoſe vul- 
gar traditions of the plumpneſs of oy{ters and ſhell-fiſn, and brains in the heads of ſome 
animals, and of marrow in their bones, and divers other phænomena, which, as I have 
ſhewn in another paper, it is not eaſy to be ſure of. It may alſo be noted, whether 
monthly ſpring-tides, eſpecially when they fall out near the middle of March or Sepiem- 


ber, have any ſenſible operation upon our inſtrument. 


R . 


To know how much one year and ſeaſon is dryer or moiſture than another. 


T #15 cannot be ſo well performed by the hygroſcope made of an oaten beard, if they 


that have made uſe of them more than I, do complaia with reaſon, that after ſome 
months 
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months (for J cannot tell you preciſely how many) they begin to dry up and ſhrink; fo 
that their ſenſe of the varying degrees of the moiſture of the air is not ſo quick as before, 
and the informations they give of the degrees of it, eſpecially towards the outmoſt bounds 
of their power, to ſhew the air's alterations, recede more and more from uniformity. 
But the laſtingneſs and other convenient qualifications of our ſpunge making its capacity 
of doing ſervice more durable, may the better help us to compare the greateſt moiſture 
and dryneſs, both of the ſame ſeaſon, and of the ſeaſons of one year with the correſpon- 
dent ones of another. And if the weight of the ſpunge at a convenient time, when the 
temperature of the air is neither conſiderably moiſt, nor conſiderably dry, be taken for a 
ſtandard, a perſon, that ſhould think it worth his pains, may, by computing how many 
days at ſuch an hour, and how much at that hour, it was heavier or lighter than the 
ſtandard, and alſo by comparing the reſult of ſuch an account in one year with the reſult 
of the like account in another year, be aſſiſted to make a more particular and near eſti- 
mate of the differing temperature of the air, as to moiſture and dryneſs, in one year 
than in another, and in any correſpondent ſeaſon or month, aſſigned in each of the two 
years propoſed. And how much the collation or continuance of ſuch obſervations, both 
in the ſame place, and allo in differing countries and climates, may be of ule to phyſi- 
cians in reference to thoſe diſeaſes, where the moiſture and dryneis of the air has much 
intereſt z and the huſbandman to foreſee what ſeaſons will prove friendly or unkind to 
ſuch and ſuch ſoils and vegetables; it muſt be the work of time to teach us, though in 
the mean while we have no reaſon to deſpair, that the uſes to be made of ſuch obſer- 
vations may prove conſiderable. And the rather, becauſe it by help of the reſult of 
many oblervations men be enabled to forefee (though at no great diſtance off) the tem- 
perature of a year, or even of a ſeaſon, it may advantage not only phyſicians and 
ploughmen, but other profeſſions of men, who receive much profit or prejudice by the 
dryneſs or exceſſive moiſture of the ſeaſons. And not to mention thoſe who cultivate 
hops, ſaffron, and other plants that are tender and bear a great price ; ſuch a foreſight, 
as we are ſpeaking of, may be of great uſe to ſhepherds, who, in divers parts of Eng- 
land, are oftentimes much damnified, if not quite undone, by the rot of ſheep, which 
uſually happens through exceſs of moiſture in certain months of the year. And in order 
to the providing of foundations whereupon to build predictions, it may not be amiſs to 
regiſter the number, bigneſs, and duration of the conſiderabler ſpots that may at this or 
that time of the year happen to appear, or be diſſipated, on or near the ſun, or to take 
notice of any extraordinary abſence of them, and to obſerve whether their apparition or 
diſſipation produce any changes in the hygroſcope z which curioſity 1 ſhould not venture 
to propoſe, but that (as I e]llewhere note) 1 find, that eminent aſtronomers have caſually 
obſerved great dryneſſes to attend the extraordinary abſence or fewneſs of the ſolar ſpots. 
And theſe. perſons that are aſtrologically given, may, if they pleaſe, extend their cutio- 
ſity in the uſe of this inſtrument, to obſerve whether eclipſes of the ſun and moon, ard 
the great conjunctions of the ſuperior planets, have any notable operation upon it. 
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To diſcover and compare the changes of the temperature of the air made by winds, ſtrong or 
weak; froſty, ſnowy, and other weather, 


Tr1s may conveniently enough be done as to winds, either by our whole inſtruments, 


or (perhaps better and more ſafely) by the ſpunge alone, which may be taken off and 
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hung by a ſtring, for as long time as is thought fit, in the wind, and then reſtored to 
its former place. For I found, by removing it into the wind, that it ſoon received a 
very conſiderable alteration in point of weight, as alſo it did, when removed out of a 
room into a garden where the ſun ſhined; for though the ſeaſon were not warm, it bein 

then the month of January; yet in three quarters of an bour the ſpunge loſt the 24th 
part of its weight. We may alſo in ſome caſes uſefully ſubſtitute to a ſpunge a ſome- 
what broad piece of good ſheeps-leather diſplayed to the wind. For this having, by 
reaſon of its thinneſs (or very ſmall depth) in proportion to its breadth, a very large 
ſuperficies immediately expoſed to the wind, we found it to be notably altered thereby, 
inſomuch, that half an ounce of well prepared ſheeps-leather (that we had long em- 
ployed as an hygroſcope) being kept an hour in a place, where the ſun-beams might 
not beat upon it, did, in a ſtrong wind, vary in that ſhort time an eighteenth part of its 
original weight. But though I think it very poſſible to make ſuch obſervations of the 
remperature of particular winds, as will frequently enough prove ſo true as to be uſeful, 
at leaſt to thoſe that live in the places where they are made; yet I am of opinion, that, 
to be able to ſettle rules any thing general, to determine with any certainty the qualiti:s 
of winds, according to the corners whence they blow, as from the eaſt or welt, north- 
eaſt, ſouth-weſt, &c. there will be a great deal of warineſs required; and he that has 
not ſome competent ſkill in phyſicks and coſmography, will eaſily be ſubject to miſtakes 
in forming his rules. To countenance which advertiſement, I ſhall now make uſe but 
of theſe two conſiderations, whereof the firſt is; that winds that blow from the ſame 
quarter, are not in ſome countries of the ſame quality that they are in moſt others, the 
wind participating much of the nature of the region over which it blows in its paſſage 
to us. At the famous port of Archangel they obſerve, that whereas a northerly wind, 
almoſt every where elſe without the tropicks, produces froſt in winter, 'there it is wont 
to be attended with a thaw, ſo as to make the eves to drop. Of which the reaton ſeems 
to be, that this wind comes over the ſea, which lies north from that place; and on the- 


contrary, a ſoutherly wind, blowing over a thouſand or twelve hundred miles of frozen 


land, does rather increaſe the froſt than bring a thaw. This was by the inhabitants. 
averred to the Ruſſian emperor's phyſician, who was more than once at Archangel, and 
from whom I had the account. The northern winds, that are elſewhere wont to be 
drying, are ſaid in Egypt to be moiſt. I remember Mr. Sandys, in his excellent Travels, 
giving an account of what he obſerved about the largeſt of the famed Egyptian pyramids, 
has this conſiderable paſſage ; *©* Yet this hath been too great a morſel for time to devour, 
having ſtood, as may be probably conjectured, about three thouſand and two hundred 
«© years, and now rather old than ruinous: yet the north ſide moft worn, by reaſon 
* of the humidity of the northern wind, which here is the moiſteſt.“ Sandys in Pur- 
chas's Pilgrimage. And it is yet more conſiderable to our purpoſe what I find related 
by Monſieur De Serres, in his uſeful book of huſbandry, ſince by that it appears, that 
even in not very diftant provinces of the ſame kingdom, the winds, that blow from the 
ſame quarter, may have very differing qualities and effects. For, ſpeaking of the 
changes of the air, in reference to huſbandry, in ſeveral parts of France, he informs 
us, that it is obſerved, that in the quarters about Tholouſe the ſouth wind dries the ground, 
and the north gives 1wins, Whereas on the contrary, from Narbonne to Lyons, all over 
Provence and Danphin?, this laſt named wind cauſes dryneſs, and the other bruygs moiſture, 
And this may ſuffice for my firſt conſideration. My ſecond is this, that the vehemence 


or the faintneſs of the winds, though blowing over the ſame country, may much diver- 
ſify its operation on the hygroſcope; and the fame wind, which, when it blows but 
funtly, or even moderately, is wont to apptar moiſt by the hygroſcope, may, when 
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vehement or impetuous, make the inſtrument grow lighter, diſcuſſing and driving away 
more vapours by the agitation of parts it makes in the ſpunge, than is countervailed by 
thoſe aqueous vapours that are brought along with it. But on ſuch things as theſe 1 
have not leiſure to inſiſt, and therefore I ſhall proceed to take notice, in very few words, 
of ſome other operations of differing weathers on our inſtrument, and tell you, that froſty 
weather often made the hygroſcope grow lighter even at night; ſnowy weather, which 
laſted not long, added ſomething to the weight of the ſpunge. And it has been obſerved, 
that miſts and foggy weather uſed to add weight to it, even notwithſtanding froſt. 

To which may be added an obſervation made by my amanuenſis, who having a con- 
venienter chamber than mine (wherein a fire was daily made) was diligent and curious 
to ſet Cown the changes of the hygroſcope that was left in his lodging ; for this obſer- 
vation makes it probable that a tranſient cloud in fair weather may be (for I ſay not 
that it always is) manifeſtly obſervable by our inſtrument. For, by his diary, it appears 
that the ninth of Sepiember, being for the moſt part a very fair ſun-ſhiny day, though 
about ten a clock in the morning the ſun ſhone brightly, the ſpunge began to preponde- 
rate, which unexpected phenomenon made him look out at the window, where he diſ- 
covered a cloud that daikened the ſun, but after a while, that being paſt, the balance 
returned to an æquilibrium. On this occaſion I {hall intimate, that J have more than 
once or twice obſerved, eſpecially in ſummer, that when the air grew heavier, the hy- 
groſcope either continued at a ſtand, or perhaps, alſo grew lighter; as if, when ſuch 
caſes happen, the effluvia that get into the air, either from the terreſtrial or ſome other 
mundane globe, were not fit, like vapours, to enter and lodge in the pores of the 
ſpunge, and ſo were corpuſcles of another nature, with which, when we find by the 
baroſcope that the air is plentifully ſtocked, it may be worth while to obſerve, whether 
any, and if any, what kind of meteor, as wind, or rain itſelf, or hail, or in the winter 
ſnow or froſt, will commonly be ſignified and produced. 


1 
To compare the temperature of differing houſes, and differing rooms in the ſame houſe. 


As this is of great uſe, both in reſpe& of men's health, eſpecially if they be of a 
tender, or ſickly conſtitution, and in reſpect of conveniency for the keeping fleſh, 
iweet-meats, and ſeveral forts of wares and goods, and even houſeheold-ſtuff, that are 
ſubject to be indamaged by moiſt air; ſo it is readily and manifeſtly derivable from our 
inſtrument. For, by removing it into ſeveral houſes, or into ſeveral parts of the ſame 
houſe, and letting it ſtand in each a competent time, to be affected with the temperature 
of the air of that particular place, we have divers times obſerved a notable difference, 
as you may gueſs by the two or three notes I met with among ſome old papers. 

October 13. [Tux EE or four days ago, a piece of fine ſpunge being taken out of a 
cabinet, and clipped, till it came to weigh juſt half a drachm in a nice pair of ſcales, 
and a warm rovm, was afterwards removed into a neighbouring room deſtitute of a chim- 
ney (and yet within three or four yards of a chimney ſeldom without fire); this ſtatical 
hygroſcope, conſiſting of the ſcales and the frame they hung on, was yeſterday night 
removed into the former room, and the ſpunge was found to have gained three grains 
and +, or better, and conſequently more than a tenth part, in reference to its firſt weight; 
but being ſuffered to ſtand in this warm room, in leſs than twelve hours it loſt a wo 
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and about + of its former weight, though the time it ſtood in this room were, for the. 
moſt part, night and rainy weather. ] 

[We took a piece of very fine ſpunge, which formerly had weighed juſt a drachm, 
but having been many months kept in a very warm room, where fires were kept every. 
day, i: was grown much lighter ; for, removing it into an upper chamber in a neigh- 
bouring houte, and weighing it in tender ſcales, in the evening it was found to want of 
a drachm, four grains, and 3 of a grain; and though there was a fire in the rcom, and 
the ſcales ſtood not far from it, yet, in a ſhort time (the day being foggy and rainy) the 
ſpunge viſibly depreſſed its ſcale 3, and the next morning was found to want but dne 
grain and a halt of a drachm, fo chat it had gained about three grains and a quarter, and 
the following evening, being the ſecond of January, it weighed one drachm, a grain, 
and almoſt half a grain. So that in about one natural day the ſpunge had acquired fix. 

grains from the moiſture of the air, that is, a tenth part of its firſt weight (I mean a 
drachm) and a greater proportion in reference to the weight it had the day before. The 
third of January, the weather being yet moiſt, the weight exceeded two grains, but 
about three or four of the clock in the afternoon it began to loſe of that great weight, 
which diminiſhed more by the next morning, the weather having changed that night, 
and become ſomewhat froſty.] 

Ix another paper I alſo find this note. The drachm of a ſpunge, that had for 
divers weeks been kept in a dry room, was (January the tenth) carried out into a room, 
where fire is not wont to be kept, the weather being extraordinarily: toggy ; this morn- 
ing, being brought into the former room, though now the weather be clear (yer not- 
froſty) it appears to have gained in weight about eleven grains; yet it ſoon loſt two 
grains by ſtanding in this room all the while in the balance. 


8 
To olſerve in a chamber the efſefts of the preſence or abſence of a fire in a chimney or ſtove: 


Turs is eaſily done, and the more eaſily, if the room be ſmall. For in ſuch cham- 
bers, I have often obſerved a moderate fire to alter the weight of the inſtrument placed 
at a diſtance from it, after it had ben well kindled but a very little while; but in wet 
weather, if the fire were not ſeaſonably renewed with freſh fuel, the decay of it would, in 
no long time, begin to. be diſcernible by the inſtrument; | | 


U 3 E VEL 
To keep a chamber at the ſame degree, or at an aſſigned degree of dryneſs. 


Surros o the alteration of weight in our ſpunge to depend only upon the degree of 
the moiſture of the air, the laſt named uſe will be but an obvious corollary of the former. 
For, if a convenient part of the room be choſen for the hygroſcope, and it be kept con- 
ſtantly there, it is eaſy, by caſting one's eye on it from time to time, to perceive when it 
will be requiſite to increaſe or moderate the fire, ſo as to keep the ſpunge at that weight 
it was of, when the temperature of the air of the chamber, as to dryneſs and moiſture, 
was ſuch as was deſired, I will not trouble you with ſome ſcruples, which, J confels, 


the 
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the conſideration of this uſe of our inſtrument ſuggeſted to me, becauſe I have not now 
the Iciſure to diſcuſs them. I had thoughts to try, whether, and how far a good quantity 
of ſalt of tartar, or even dried fea-falt, bejng kept in a cloſet or ſome cloſer room, might, 
by imbibing, leſſen the moiſture of the air in it, but I did not perfect any obſervation of 
this kind. But I will add to what I have already referred to this ſixth head, that I have 
ſometimes noted with pleaſure, how manifeſt and great a change in the weight of our 
ſpunge would be made when the room was waſhed, and a good while after, notwithſtand- 
ing. that a good fire was kept in it, to haſten the drying of it. 

Bes1DEes the hitherto mentioned uſes of our hygroſcope, I know not, whether there 
may not be divers others, and whether we may not, by a little altering and helping it, 
make it capable of ſhewing us ſome difference betwixt ſteams of differing natures, as thoſe 
of water, ſpirit of wine, chymical oils, and perhaps new kinds of ſubſtances (ſuch as we 
have not yet taken notice of in the air, in which I confeſs, I ſulpect there may ſome- 
times be difperſed {tore of corpuſcles, that I do not yet well know what to think of. 
For I have more than once obſerved (not without ſome wonder) the hygroſcope not to 
be affected with the alteration of weather, anſwerably to what the manifeſt conſtitutions 
or variations of it ſeem plainly to require; whether unobſerved corpuſcles performed 
this, by making the other {teams in point of figure, or ſize, incongruous to the minute 
pores of the ſpunge, and ſo unfit to enter them; or by diſſipating, or other wiſe procuring 
the avolation of more of the watery particles than they could countervail, I now examine 
not. And I am not ſure, but by aſſociating this inſtrument with the thermoſcope, ba- 
roſcope, and ſome others that may be propoſed, it might be ſo improved, as to help 
us to foreſee divers conſiderable things, that either are themſelves changes of the air, or 


are wont to be conſequences of them; as ſickly and healthful conſtitutions of the air, 


both. as to- man and cattle; and healthful, barren, or plentiful ſeaſons in particular 
laces or countries; and perhaps alſo ſtrong hurricanes, earthquakes, iaundations, and 
their ill effects, eſpecially thoſe accidents that depend much upon the ſurcharge of the 
air, with other exhalations and moiſt vapours, which operate beiore ſenſioly upon our 
inſtrument, and therefore may be diſcernible by it a good while before they arrive at 
that height, that makes them formidable meteors. And if it were but the foretelling 
approaching rain, this very thing may, on divers occaſions, prove very ſerviceable, and 
recommend our inſtrument, which often receives much carlier impreſſions from the ſteams 
that ſwim up and down in the air, than our ſenſes do; ſo that [ have been able to fore- 
ſee a ſhower of rain, eſpecially in dry weather, a not inconſiderable while before it fell. 


Axp here I ſhould diſmiſs our ſubject, which I have alrcaily dwelt on longer than I 
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deſigned, but that remembering a caution 1 gave you, when J was ſpeaking. of winds, 3. Uſe 
I think it but fit to add two or three lines, to keep you from being by that advertiſement III. 


diſcouraged from endeavouring to make, in the gencral, ſuch hygroſcopical obſervations, 
as may be reduced to hy pothe!es. For, as I elſewhere diſcourſed concerning barometrical 


theories, if I may ſo call them; fo I ſhall here repreſent, concerning hygroſcopical ones, 


that if a theory or hypotheſis that is itſelf rational, be found agreeable to what happens 


the moſt uſually in obſervation ; it onght not lightly to be rejected, or fo much as laid 


alide, though ſometimes we find particular inſtances that ſeem to call it in queſtion. For 
it is very poſlible that the theory or hypotheſis may be as good as a wile man would re- 
quire about ſo mutable a ſubject as the weather. And the cauſe aſſigned by the hypo- 
theſis may really act ſuitably ro what that requires, though a contrary effect enſue by 


reaſon of that cauſe's being accidentally maſtered and over-ruled by ſome more powerful 


cauſe or agent, that happens for that time to invade the air. As we know that tides do, 
tor the main, correſpond with the motions of the moon (whoſe phaſes are therefore argued 
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from them) and do generally ebb and flow at ſuch times, and in ſuch meaſures, as the 
theory that has been grounded on that correſpondency requires ; but yet ſeamen find that 
in this or that particular harbour, or mouth of a river, fierce contrary winds, great land- 


floods, and other cafually intervening cauſes, do ſometimes both very much diſturb the 
regular courſe of the tides, and encreaſe or leſſen them. 


NEW EXPERIMENT 


NN D 


OTHER INSTANCES 
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EFFICACY or Tuz AIR's MOISTURE 
Subjoined by Way of 


ArrENDIx to his SrATIcaL HyGRoscors. 


INCE it may probably recommend hygroſcopes to you, if that quality of the air, 
& which theſe inſtruments are uſcful to give us an account of, be made appear to be 
more powerful, and have confiderabler effects than is commonly believed; it will not be 
from my purpo'e to preſent you here ſome inſtances, that have led me to think that the 
effects of the moiſture of the air may be conſiderable, not only upon men's healths, but 
upon ſubjeRs far leſs tender, and le ſs curiouſly contrived than human bodies. But I hope 
you will eafily believe, that by the moiſture of the air, I mean not a mere and abſtracted 
quality, bit moiſt air itſelf, or rather thoſe humid corpuſcles (chiefly of an aqueous na- 
ture) that abou:.d, and rove to and fro in our common air. | 

Tua the moiſture of the air may have no ſmall influence, and uſually a bad one, 
upon men's healths, is that, which, though experience did not fo often teach us, I ſhould 
venture to argue from what I have obſerved of the operation of moiſt air upon the dry and 
firmly contex parts oi animal, and even in thoſe caſes, where, for want of time or other 
impediments, this moiſture cannot produce any ſenſible degree of putrefaCtion. 

THrar the ſkins of animals may be eaſily invaded by the moiſt particles of the air, is 
the more probable, becauſe of the numerouſncis of their pores, which may be concluded 


from 
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from their hairineſs, -or their ſweat, or both, And I formerly obſerved to you, that I 
found ſheeps leather to imbibe the moiſture of the air, and increaſe in weight upon it, 
as plentifully as almoſt any body I expoſed to it. | | 

Bor to ſhew you, that much cloſer membranes, and which nature made to be im- 
pervious to ſuch a liquor as urine itſelf, may be affected by the vapours of the air, I ſhall 
add, tha! having vurpoſcly taken pieces of bladders, fine and well blown, and, as far as 
appeared, of a very cloſe contexture, and counterpoiſed them in a good balance, I found, 
according to expectation, that they would conſiderably increaſe their weight in moiſt, 
and Joſe it again in dry weather; ſo that I might have employed the mt membranous 
part of a blader (for I thought not fit to make ule of the neck or the adjoining part) to 
make a ſtatical hygroicope, | | | 

AxD as for other membranes and fibres, I ſhall have by and by occaſion to take no- 
tice, that even when they are ſtrongly and artificially wreathed together into gut-ſtrings, 
they may imbibe enough of the moiſture of the air to be broken by it. And I remember, 
1 formerly told you, that I had obſerved lute-ſtrings to grow heavier in moiſt air. 

AND whereas bones are by all confeſſed to be the firmeſt and ſolideſt parts of animals, 
and, as it were, the pillars by which the fabrick is ſuſtained ; yet it ſeems, that even they 
may be pierced into, and ſenſibly affected by the moiſture of the air. For I remember, 
that having cauſed the ſkeleton of a human body to be ſo made by a famous and very ſkil- 
ful artiſt, that, by the help only of fender wires artificially ordered, the motions which 
the muſcles make of the bones of a living body, might be well imitated in the ſkeleton, 
I obſerved, that though in. dry and fair weather the flexures of the limbs might be readily 
made, yet in very moiſt weather the joints were not eaſily bent, as if the parts were 
grown (tiff and rigid; which ſeemed to proceed hence, that moiſt particles of the air, 
having plentifully inſinuated themſelves at the pores into the bones, had every way diſ- 
tended them, and thereby made the parts bear hard againſt one another {which they did 
not at all before) at the junctures or articulations. | 

Bur it will be the more readily believed that the moiſture of the air may operate con- 
ſiderably upon the tender and curiouſly contrived bodies of men and other animals, if, 
proceeding to the obſervations I chiefly deſign, I make it appear that the moiſtening par- 
ticles that rove up and down in the air, are able to exerciſe a notable (and, if I may fo 
call it, a mechanica]) force, even upon inanimate and inorganical bodies; which may 
well ſuggeſt a ſuſpicion, that hy groſcopes being the proper inſtruments to diſcover a qua- 
lity in the air, whoſe efficacy reaches farther than is commonly taken notice of, they 
may in time be found uſcful to divers other purpoſes, beſides thoſe that relate to the 
health of men. 

Tnar wood, eſpecially when it has been ſeaſoned, is a ſolid of a ſtrong and firm con- 
texture, if it were not obvious by the daily uſe made of it in building ſhips, houſes, &c. 
might be eaſily concluded from the weight or ſorce required to alter its contexture, by 
making any conſiderable, or, perhaps, ſenſible compreſſion of it. And yet that wood 
may ſuffer a kind of divulſion of the multitude of its parts, and be manifeſtly diſtended 
by aqueous corpuſcles getting into its pores, I remember, I proved by this experiment. 
I got a piece of found and ſeaſoned wood of about an inch (or an inch and halt) in dia- 
meter, to be by a {kilful artiſt made cylindrical, and allo a ring of ſome folid matter, as 
braſs or ivory, to be exactly turned to fit this cylinder, ſo that it might, without much 
eale, or much difficulty, be put on and taken off again; then we put the turned picce 
of wood into fair water, and left it to ſoak there for many hours; at the end of 
which it was viſibly ſwelled; and though I cannot now tell you (for want of a paper con- 
cerning that experiment) how much it was increaſed in diameter, yet I well remember, 
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the increment was conſiderable, and that the ring that was adjuſted to it before, was 
manifeſtly too little to be put again upon it, or with its orifice to cover the whole baſis 
ot the diſterded cylinder, which afterwards being dried in the air ſhrunk into a capacity 
of entering the ring again. And in this experiment I took notice, that the great in- 
tumeſcence of the wood was not produced all at once, or ſoon after it was put into water, 
bur it ſwelled by degrees, and lay ſoaking there many hours before it arrived at its utmoſt 
Ciſtention, the aqueous corpuſcles requiring, it ſeems, ſo much time to infinuate them- 
{elves ſufficiently into the wood; which argues that the internal parts were likewiſe 
affected, though, when even they came to ſwell, they had a good thickneſs of wood 
about them to hinder their dilatation. | 
Expr you ſhould now tell me that this diſtention of ſo firm a body was made by 
water itſe}f, and not by the humid vapours of the air. On which occaſion I might re. 
preſent to you, that by the ſweating (as men commonly call the adheſion of wateriſh 
drops to the ſurface) of poliſhed marble and ſome other cold and ſmooth bodies that 
ſometimes happens even in the heat of ſummer, if they be cold, and the ambient air be 
moiſt enough, it appears, that both in hot weather the air may be plentifally ſtocked 
with aqueous vapours, and that theſe vapours need to do no more than convene toge- 
ther, to conſtitute viſible and tangible water. And on this occaſion, if I were ſure I had 
not told you of it already, I ſhould ſubjoin an experiment, which would detect the vul- 
gar error of thoſe that think the adhering drops, lately mentioned, to come from 
internal moiſture derived by its preſſion or percolation from the marble or the other body 
they are faſtened to; and at the ſame time I ſhall ſhew {what is not wont to be imagined) 
that ia the heat of ſummer the air is furniſhed with inviſible and yet aqueous ſteams. The 
experiment I long ſince tried in winter with ſnow and ſalt included in a glaſs veſſel, and 
then put to diſſolve in a balance. But becauſe neither ice nor ſnow is at all eaſy to be 
come by among us in England in ſummer; and becauſe, at that ſeaſon, the air in fair 


weather is preſumed to be dry as well as hot, J choſe, within ſome days of Midſummer, 


and in clear ſun-ſhiny weather, to make the following trial. 8 
W took a pint glaſs bottle, and having put into it a convenient quantity of water 
(for room muſt be left for the ſalt) we placed them and four ounces of beaten ſal armo- 
niack in one ſcale of a good balance, and a counterpoiſe in the other; and then, putting 
the ſalt into the water, 1 obſerved, that though for a while the equilibrium remained, 
yet when the frigorifick mixture had ſufficiently cooled the outſide of the bottle, the 
roving vapours of the air that chanced'to pals along the ſurface of the veſſel, were, by 
the contact of that cold body, arreſted, and turned into a kind of, a dew, which from 
time to time made the ſcale that held the gla's preponderate more and more, and at 
length the drops growing greater and greater, ran down in ſmall rivulets the ſides of the 
glats, and in leſs than an hour, by my eſtimate, the condenſed ſteams amounted to near 
a drachm, which weight was afterwards much increaſed within about two hours more; 
whereby it ſufficiently appears, both that this dew came from without (ſince if it had 
been a tranſudation, it would not have added weight to the ſcale that received it) and 
that there is, even in clear ſummer weather, a vaſt number of moiſt particles diſperſed 
through the air, ſince in about an hour's time, ſuch a multitude of them, as the liquor 
produced, may be ſuppoſed to conſiſt of, and may by heat be actually reſolved into, 
could in courſe come to touch ſo ſmall a ſurface as that of that part of ſo ſmall a bottle, 
which contained the frigorifick mixture. For the reſt of the veſſel's ſurface. was not cold 
enough to condenſe the vapours into liquor. But to return to what we were ſaying of 
wood ſwelled by water; becauſe, notwithſtanding theſe conſiderations, I am willing to 


allow that the experiment of the cylinder does not fully come home to our purpoſe, * 
| that 
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then I produced it not ſo much to prove directly the force of moiſt air, as to counte- 
nance what I am about to ſay, by ſhewing what a ſufficient number of aqueous corpuſclcs 


may Jo in the ſolid wood they penetrate z I ſhall now add ſome inſtances of the force 


theſe particles may exerciſe upon ſolids, when they invade thern but in the form of va- 
ours. | a | 
r THAT in this form the multitude, figures, and motions of theſe inſinuating particles 
may enable them to diſplay no ſmall force in their operations on ſome bodies, we have 
one inſtance, that often happens, though but ſeldom reflected on, in the breaking of 
the ſtrings of muſical inſtruments firſt brought to a good tenſion, upon the ſupervening 
of rainy weather, For the cauſe ſeems to be, that the vapours that then wander through 
the air, inſinuating themſelves into theſe ſtrings (which the muſician often forgets to let 
down or relax after having ſkrewed them up) diſtend and ſwell them, and thereby en- 
deavour to ſhorten them, and that ſo forcibly, that they not ſeldom break with a ſmart 
noiſe and great violence; which, becauſe it happens without any viſible efficient, men 
commonly think and ſay that ſuch ſtrings break of themſelves. But to take no farther 
notice of this popular ſurmize, if we conſider how much weight ſome of thoſe bigger 


ſtrings, eſpecially of baſe viols, that have been obſerved to break in rainy weather, will 


require to ſtretch any of them to a rupture, you will eaſily be induced to think that this 
operation of the moiſt air exacts, and therefore argues more than a languid force. 

Bur here, probably, you will tell me, that the inſtances you expected were concern- 
ing wood, which is a far ſolider body than gut-ſtrings, To this I ſay, that the newly- 
recited inſtance belongs directly to the title of this paper, and being above referred to, 
ought not to be pretermitted. And as to your expecting inſtances concerning wood, I 
might content myſelf to refer you to what is obſerved about the uneaſy opening and ſhut- 
ting ſome doors, well adjuſted to the door-cafe, in very rainy weather. But though this 
obſervation favours my deſign, yet I had rather give you inſtances in wood, purpoſely 
and carefully ſeaſoned, And therefore I ſhall now inform you of theſe two things; one, 
that I found by trial, as I have elſewhere noted, that wood, counterpoiſed in a good 
balance, would grow ſenſibly heavier in wet weather, and lighter again in dry; and the 
other, that, to ſatisfy myſelf yet further, I conſulted an ancient muſician to whom I had 
once been a diſciple, 'and a famous organ- maker, to know, whether they had not ob- 
ſerved, that the wood itſelf, &c. of muſical inſtruments, would receive ſuch alterations 
from the moiſture of the air, as might be diſcerned by the ear ? upon which inquiries, 
the maſter of muſick anſwered me, that though metalline ſtrings will not change with 
the weather like gut-ſtrings; yet virginals (for inſtance} though furniſhed with wire- 
ſtrings, will, for the moſt part of them (for ſome he has obſerved to be ſo well ſeafoned 

that they are not altered by the weather) be out of tune in wet weather, the ſtrings genc- 
rally then affording their notes ſharper than they ſhould, or are wont to do. And the 
organ-maker confeſſed to me, that, upon great changes of weather, divers organs would 
(after they had been long ago tuned) grow out or tune, and that not only the wooden 
pipes would be thereby ſwelled, but the metalline pipes untuned. | 
Bor if bodies be of ſuch a conſtitution, as not only to admit but aſſiſt the operation of 
the moiſt air, the penetrancy and efficacy of this may be found much more conliderable 
than in the foregoing inſtances. For there are ſome kinds of thoſe marchaſites that yield 


vitriol, which, whilſt they lie under ground, or are covered with the ſea-water, on whoſe - 


ſhores they are, in ſome places, to be found, retain a ſtone-like hardneſs, and are often 
taken for mere ſtones ; and yet ſome credible perſons that are converſant about vitriol 
have caſually obſerved, that theſe, being expoſed to the air, would, in tract of time, be 
ſo penetrated by the moiſt particles of it, though perhaps not merely as moiſt, that 
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(probably by the help of the vitriolate corpuſcles they met with among the ſtony matter) 
theſe hard and ſolid marchaſites are brought to ſwell ſo much as to burſt. That chis 
will happen to ſuch kind of ſtones (though they be of a cloſe and heavy nature) by the 
help of rain, experience has perſuaded me; and that it may alſd Happen even to ve 
hard and ſtone-like marchaſites (for many are not ſuch) when they are. merely. expbſed 
the air, I am apt to think, upon ſome trials of my own. For, from ſhining marchafites, 
though but kept in my chamber - window, I have had vitfiolate effſoreſcences that ſeemed 
to be produced by the action of the piercing moiſture of the alr upon tie mineral. And 
I remember, that very hard and heavy lumps that were of a marchaſitical ſubſtatice, 
though not at all gliſtering, which ſeemed to be ſtony, were ſo diſpoſed to be wrought 
on by the ar, that though they were kept partly in my own chamber, and partly in 
other covered places, yet in no very long time they were ſo penetrated by the moilt cor. 
puſcles of the air, that they were not only burſt, but broken intb any pieces; infomuch 
that many of them did of themſelves fall off from one another, and ſyeral of the divided 
portions would eaſily be crumbled betwixt one's fingers. And of ſomſe of theſe I have 
obſerved with pleaſure, that a vitriolate ſubſtance was produced more copiouſly in their 
innermoſt parts, than on or near their outſide. So that, when I confidered' how great 
an external force would have been requiſite to make ſuch a comminution of minerals ſo 
ſolid and hard, it was obvious for me to look upon the air's moiſture, as capable, when 
it meets with fitly-diſpofed bodies, to exerciſe a far greater force than is wont to be con- 
ceived, | : : | 
To thefe phænomena I might add ſome others to the ſame purpoſe ; but becauſe the 
marchaſites and other bodies required to the producing of them, are not eaſy to be come 
by, and the ſucceſs often exacts a good length of time, I ſhall conclude this paper, by 
ſubjoining a far ſhorter experiment, that I deviſed not only to ſhew, in'general, that the 
moiſture of the air may have a conſiderable efficacy, but to aſſiſt a virtuoſo to make ſome 
eſtimate in known meaſares of the mechanical force of the aerial moiſture. And though 
IT now find, to my trouble, that J want ſome of the notes that concern the circumſtances, 
and the progreſs of the trial, yer enough having eſcaped to furniſh me with the following 
account of it, what I ſhall ſet down, may, I hope, at leaſt put you in the way of repair- 
ing my misfortune. | | 
| TarinxinxG it then probable that ropes themſelves would conſiderably imbibe and diſ- 
miſs the moiſture of the air, and that fo, as to ſhrink in rainy weather, though clogged 
with a weight faſtened at the lower end, I was diſcouraged from attempting the following 
trial, by conſidering that the weight would ſtretch the rope, and conſequently hinder the 
reſumed effect of the air's moiſture to be perceived. For I ſuppoſed, that after a time, 
this unuſual ſtretch of the rope would ceaſe; and when the weight, as ſuch, could not 
lengthen it any more, it would then be capable of being contracted or relaxed, according 
as the weather ſhould be moiſt or dry, and ſo afford me a kind of hygroſcope. Upon 
theſe grounds I firſt cauſed a rope that was about twenty or twenty-two yards in length, 
but of no great thickneſs, to have one of its ends faſtened to an immoveable body at a 
convenient height from the ground, and then cauſed a pully to be ſo faſtened to another 
ſtable body, at the diſtance of eighteen or twenty yards from the firſt, that the rope, 
reſting upon the pully, lay almoſt horizontally. But to the end of that part of the rope, 
which from the pully reached within two or three feet of the ground, was faſtened, by a 
ring, a leaden weight of at leaſt fifry pounds. To which was alſo faſtened a light index 
placed horizontally, whoſe end moved along an erected board, which, by tranſverſe lines, 
was divided into inches and parts of inches, reaching both a good way ny and 
| | OWN- 


of the Efficacy of the Air's Moiſture. 


downwards, that the index might, within thoſe bounds, have room to play up and down, 

according to the alterations of the weather. 

IT being then ſummer, this trial was made in a garden, though partly under a pent- 

houſe, that the rope might be more expoſed to the air, than it would have been within 
doors; and two or three days, if I miſ-remember not the time, were ſpent before the 

weight had brought the rope to the utmoſt ſtretch it was able to give it, after which it 

began manifeſtly to ſhrink, and lengthen according to the weather. And I find, in one 

of my notes, that once I looked, when I was ready to go to bed, upon the ſuſpended 

weight, and marked how low it reached upon the divided board ; and that a great part 
of the night having been rainy, looking again about an half an hour after eight in the 
morning, I found the cord ſo ſhrunk that the weight was raiſed above five inches, and 


ſtretched the rope more than the moiſture had contracted it the day before. 
AFTERWARDS having procured a far greater weight, but therefore unapt to be near fo 
much raiſed, I ſubſtituted it in the place of that formerly mentioned ; and having ſuffered 
it to ſtretch the rope as far as it could, I made and regiſtered ſome obſervations, two 
whereof having been preſerved, I ſhall tranſcribe them juſt as I find them. 

June the 4th. Ar half an hour after nine of the clock at night, I looked upon the 
hundred pounds weight that hung at the bottom of the rope, the weather being then fair, 
and a mark being put at that part of the erected board where the bottom of the weight 
touched; I perceived the ſky a while after to grow cloudy and overcaſt, but without 
rain; wherefore, going to view the weight again, I found it to be riſen a quarter of an 
inch, or more, and Jooking on my watch, perceived there had paſſed an hour and quar- 
ter ſince the mark was made. 

June the 6th. BEING not well yeſterday, the weight was obſerved by two of my 
ſervants, and it then reſted at the eleventh inch of the erected board. This morning, 
about eight of clock I viſited it myſelf, and found it to be riſen about half a quarter of 
an inch above the eighth inch, the morning being cloudy, though the ground very dry 
and duſty, The weather being more overcaſt, within ſomewhat leſs than an hour after- 
wards, I viſited the weight again (ſome ſcattered drops of rain then beginning to fall) 
and found it to be riſen about half an inch above the newly-mentioned cighth mark. 
How much more the rope would have been contracted in ſuch laſting moiſt weather as 


upon a removal I was, long before that ſeaſon, obliged to make. 

I am ſorry I cannot add my other obſervations; but theſe I hope may ſuffice to let 
you ſee that the force of the air's moiſture is not ſmall, ſince it could raiſe ſuch a weight 
as an hundred pounds, eſpecially conſidering the ſlenderneſs of the rope it affected. For, 
having meaſured the diameter near the weight, I found it (as one of my notes informs 
me) to be but about the ꝗ third part of an inch, 
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yet the day growing dry and windy, and ſometimes warm, the weight had at night 


uſually happens in winter, I cannot ſay, having been reduced to break off the experiment, 
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